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DATA AND ORGANIZATION 
All the tabular and graphical material herein has been obtained from a 
variety of publications. The first major section of the report consists of 
three texts, each describing the climate of the three states where HIPLEX 
experimentation is in progress (Kansas, Montana, and Texas). These texts 
are taken from the U. S. Department of Commerce (Weather Bureau) publication, 
Climates of the States listed as "Climatography of the United States 
No. 60-24", printed in 1960. 
The second major section of the report presents a series of graphs, 
tables, and maps depicting various climatic patterns and values. The 
illustrations are identified using first letters to denote the publication 
(listed in the sources section), and then Roman numerals to identify the 
topical area. The four topical areas, each of which is a subsection of the 
report, are: 
• Precipitation Statistics (Part I); 
• Precipitation-Related Information (Part II); 
• Rain-Producing Conditions (Part III); and 
• Conditions Relevant to Warm Season Climatology and Rainfall (Part IV). 
The final part of the report is a listing of the sources of the graphical 
material appearing in the second section of the report. 
INTRODUCTION 
This climatography has been assembled to present in one document a 
variety of available climatological results that apply to High Plains Region. 
The variety of climatic data presented collectively describes the precipi-
tation climatology of the region. 
The Water Survey has undertaken a study to develop the design for the 
High Plains Experiment (HIPLEX), The objective of the experimental design 
is to establish, through scientific procedures, the capability to enhance 
1) the precipitation of individual clouds, and 2) the precipitation over an 
area. This capability will be developed for the modification of cumuliform 
clouds most prevalent during the warm season throughout the High Plains, 
A key part of this design effort is a series of specific climatological 
studies. These will provide various essential information on cloud character-
istics, rain cells, radar echoes, and atmospheric stability conditions, all 
needed to evaluate the potential for modifying natural conditions, 
The climatography herein is more basic, It is aimed at providing readily 
available climatological data as background information to the design group 
and to others involved and interested in HIPLEX. A key aspect of HIPLEX con-
cerns the transferability of results from the 3 research sites (west Texas, 
western Kansas, and eastern Montana) to other areas of the High Plains. The 
material herein should be generally useful in examining the basic climatic 
differences in temperature, evaporation, solar radiation, cloudiness, and 
winds as well as those involving precipitation. The results herein should also 
be useful background material for the social, environmental, and economic impact 
studies recommended for HIPLEX. 
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SUMMARIES OF CLIMATES 
IN HIPLEX RESEARCH STATES 
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U. S. DEPARTMENT OF COMMERCE 
WEATHER BUREAU 
CLIMATOGRAPHY OF THE UNITED STATES NO.60 - 14 
CLIMATES OF THE STATES 
KANSAS 
WASHINGTON, D. C. 
NOVEMBER 1959 
Climate of Kansas 
A. D. R o b b , W e a t h e r B u r e a u S t a t e C 1 ima to l o g i s t 
L o c a t e d a t t h e g e o g r a p h i c a l c e n t e r o f t h e c o n t i -
g u o u s f o r t y - e i g h t s t a t e s , Kansas has a d i s t i n c t l y 
c o n t i n e n t a l c l i m a t e w i t h c h a r a c t e r i s t i c a l l y c h a n g e -
a b l e t e m p e r a t u r e and p r e c i p i t a t i o n . 
Kansas w e a t h e r i s a f f e c t e d l a r g e l y b y two p h y s i c a l 
f e a t u r e s , b o t h some d i s t a n c e f r o m t h e S t a t e , t h e 
Rocky M o u n t a i n s t o t h e w e s t and t h e G u l f o f M e x i c o 
t o t h e s o u t h . The m o u n t a i n s o n t h e w e s t p r e v e n t 
t h e i m p o r t a t i o n o f m o i s t u r e f r o m t h e P a c i f i c Ocean , 
w h i l e t h e G u l f i s t h e f e e d i n g s o u r c e f o r much o'f 
t h e S t a t e ' s p r e c i p i t a t i o n , 
A t h i r d f a c t o r , d i f f e r e n c e s i n e l e v a t i o n , a l s o i n -
f l u e n c e s t h e c l i m a t e . E l e v a t i o n c h a n g e s a r e q u i t e 
g r a d u a l r i s i n g f r o m 8 0 0 o r 1 , 0 0 0 f e e t a b o v e sea 
l e v e l i n a number o f e x t r e m e e a s t e r n and s o u t h e a s t -
e r n c o u n t i e s t o a p p r o x i m a t e l y 1,500 f e e t a b o u t t h e 
c e n t e r l i n e o f t h e S t a t e , n o r t h t o s o u t h , and t o 
3 , 5 0 0 f e e t a t t h e C o l o r a d o l i n e . Q u i t e c o i n c i d e n t 
w i t h t h e s e g r a d a t i o n s i s a change i n c l i m a t e a s d e s -
c r i b e d b y T h o r n t h w a i t e ( 1 ) . 
" H u m i d i n t h e e x t r e m e e a s t , m o i s t s u b h u m i d f r o m 
t h e r e t o j u s t w e s t o f t h e m i d p o i n t , t o d r y s u b -
h u m i d i n t h e w e s t w i t h t h e e x t r e m e s o u t h w e s t 
d e s i g n a t e d s e m i a r i d . A c o r r e s p o n d i n g c h a n g e 
i n c r o p g r o w t h i s n o t e d f r o m c o r n , t a l l g r a s s e s , 
and o t h e r m o i s t u r e d e m a n d i n g c r o p s i n t h e e a s t 
t o t h e d r o u g h t r e s i s t a n t sorghums, s h o r t g r a s s e s , 
and s m a l l g r a i n s i n t h e w e s t . " 
A v e r a g e a n n u a l p r e c i p i t a t i o n t o t a l s r a n g e f r o m 
s l i g h t l y more t h a n 4 0 i n c h e s i n t h e s o u t h e a s t e r n 
c o u n t i e s t o 3 0 t o 3 5 i n c h e s i n t h e n o r t h e a s t , d e -
c r e e s i n g g r a d u a l l y w e s t w a r d t o t h e C o l o r a d o l i n e 
w h e r e t h e a v e r a g e i s f r o m 1 6 t o 1 8 i n c h e s . D i s -
t r i b u t i o n o f r a i n f a l l t h r o u g h t h e y e a r f a v o r s 
c r o p p r o d u c t i o n , w i t h an ave rage o f abou t 75 p e r c e n t 
o f t h e y e a r ' s t o t a l f a l l i n g i n ' t h e c r o p g r o w i n g 
s e a s o n , A p r i l t o S e p t e m b e r . J a n u a r y , t h e m o n t h 
o f l e a s t p r e c i p i t a t i o n , has a n a v e r a g e o f 1 t o 
2 i n c h e s a t t he more e a s t e r n s t a t i o n s , d e c r e a s i n g 
t o l e s s t h a n a n i n c h o v e r the w e s t e r n t h r e e - f o u r t h s 
o f t h e S t a t e and t o n e a r a q u a r t e r i n c h i n t h e 
e x t r e m e w e s t . May and J u n e , i n c o n t r a s t , a r e t h e 
months o f g r e a t e s t r a i n w i t h be tween 4 and 5 i n c h e s 
o n t h e a v e r a g e i n t h e e a s t e r n t h r e e - f i f t h s o f t h e 
S t a t e t o b e t w e e n 2 a n d 3 i n c h e s i n t h e w e s t e r n 
c o u n t i e s . I n a d d i t i o n t o t h e s e a s o n a l c h a n g e s 
o f p r e c i p i t a t i o n a m o u n t s o v e r t h e S t a t e , t h e r e i s 
a s e c o n d a r y f l u c t u a t i o n i n t h e a v e r a g e r a i n f a l l 
w h i c h i s q u i t e p r o n o u n c e d i n t h e e a s t . ; I n t h i s 
a rea a n o t i c e a b l e d e c r e a s e i n t h e a v e r a g e r a i n f a l l 
o c c u r s d u r i n g the l a t t e r p a r t o f J u l y and the f o r e -
p a r t o f A u g u s t , w i t h a n i n c r e a s e a g a i n i n S e p t e m b e r . 
T h i s d e c r e a s e i n r a i n f a l l o c c u r s a t t h e c r i t i c a l 
p e r i o d f o r c o r n . 
P r e c i p i t a t i o n i s m o s t f r e q u e n t i n t h e e x t r e m e 
e a s t w h e r e o n t h e a v e r a g e m e a s u r a b l e a m o u n t s a r e 
r e c o r d e d o n 9 0 t o 100 d a y s o f t h e y e a r . The 
a v e r a g e a n n u a l number o f days w i t h 0 . 0 1 " o r more 
o f p r e c i p i t a t i o n i s 6 0 t o 0 0 ove r t w u - . t h i r d s o f t h e 
c e n t r a l p o r t i o n and a b o u t 7 0 i n t h e n o r t h w e s t e r n 
p o r t i o n , b u t d e c r e a s e s t o near 5 0 i n i h e s o u t h w e s t -
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e r n s e c t i o n . 
A l l p a r t s o f Kansas may r e c e i v e 2 4 - h o u r r a i n f a l l s 
o f 5 to 10 i n c h e s , w i t h t h e more f r e q u e n t o c c u r -
r e n c e o f h e a v y r a i n s i n t h e e a s t e r n a r e a d u r i n g 
t h e month o f S e p t e m b e r . A l m o s t o n e - h a l f o f t h e 
t o t a l r a i n f a l l s i n d a i l y a m o u n t s o f 0 . 7 5 i n c h 
o r l e s s . M o n t h l y p r e c i p i t a t i o n t o t a l s o f 2 0 . 0 0 
i n c h e s o r more have been r e c o r d e d a t some e a s t e r n 
s t a t i o n s . P r o t r a c t e d p e r i o d s o f s u c c e s s i v e d a y s 
w i t h r a i n a r e o c c a s i o n a l l y r e c o r d e d . I n 1951 
m e a s u r a b l e r a i n was r e c o r d e d some p l a c e in Kansas 
on 150 s u c c e s s i v e d a t e s , from A p r i l 20 -Sep temher 16. 
O n t h e o t h e r h a n d , a l l p a r t s o f t h e S t a t e h a v e 
e x p e r i e n c e d from 50 to 75 s u c c e s s i v e days w i t h o u t 
more than 0 . 2 5 inch of r a i n on any day d u r i n g t h e 
p e r i o d A p r i l t o S e p t e m b e r . 
S n o w f a l l a v e r a g e s n e a r 10 i n c h e s a y e a r in t h e 
s o u t h - c e n t r a l c o u n t i e s and i n c r c a s e s g r a d u a l l y i n 
o t h e r p a r t s o f the S t a t e t o t h e l a r g e s t a v e r a g e o f 
24 inches in the n o r t h w e s t . Snow has been r e c o r d e d 
i n a l l months e x c e p t J u l y and Augus t , t h e g r e a t e s t 
a v e r a g e f a l l i s i n F e b r u a r y w i t h March snows o n l y 
s l i g h t l y l e s s . F a l l s o f 1 2 t o 2 4 i n c h e s i n 2 4 
h o u r s have been r e c o r d e d i n most s e c t i o n s . O r d i n -
a r i l y snow r e m a i n s on the g round on ly a s h o r t t ime, 
bu t dur ing the win te r the ground may be snow-covered 
from 10 to 15 d a y s in t h e s o u t h and from 30 to 35 
d a y s i n t h e n o r t h . I n r a r e i n s t a n c e s snow has 
c o v e r e d t h e g r o u n d c o n t i n u o u s l y i n w e s t e r n and 
n o r t h e r n s e c t i o n s from 4 0 t o 6 0 d a y s . 
Wet and d r y t r e n d s o r p e r i o d s a r e n o t e d i n t h e 
l o n g e r r e c o r d s . Dry p e r i o d s may p e r s i s t for s e v e r a l 
y e a r s wi th an o c c a s i o n a l i n t e r i m of a month or two 
o f a b o v e a v e r a g e r a i n f a l l . T h e r e a p p e a r s t o b e 
some i n d i c a t i o n o f r e c u r r i n g p a t t e r n s o f y e a r s 
w i t h s i m i l a r t r e n d s b u t r e c o r d s a r e t o o s h o r t t o 
e s t a b l i s h t h i s w i t h c e r t a i n t y . 
The r i v e r d r a i n a g e i n K a n s a s i s about , e q u a l l y 
d i v i d e d be tween the M i s s o u r i and A r k a n s a s R i v e r s ; 
t h e n o r t h e r n h a l f o f t h e S t a t e d r a i n i n g i n t o t h e 
M i s s o u r i , t h e s o u t h e r n h a l f i n t o t h e A r k a n s a s . 
The Kansas R i v e r b a s i n , o c c u p y i n g t h e n o r t h h a l f , 
h a s a t o t a l d r a i n a g e a r e a o f more t h a n 6 0 , 0 0 0 
s q u a r e m i l e s above i t s c o n f l u e n c e wi th t he M i s s o u r i 
R i v e r a t K a n s a s C i t y . The A r k a n s a s R i v e r a b o v e 
t h e Oklahoma l i n e , d r a i n s a n a r e a o f o v e r 4 5 , 0 0 0 
s q u a r e m i l e s . 
F loods i n Kansas a r e g e n e r a l l y due t o t o r r e n t i a l 
and o f t e n p r o l o n g e d r a i n s . They a r e se ldom c a u s e d 
by m e l t i n g snow, excep t in t h e c a s e of t h e A r k a n s a s 
R i v e r , where m e l t i n g snow 3nd heavy r a i n s nea r i t s 
s o u r c e i n t h e m o u n t a i n s o f C o l o r a d o h a v e c a u s e d 
f l o o d i n g . O v e r f l o w s i n t h e Kansas R i v e r and t r i -
b u t a r i e s a r e p r a c t i c a l l y unknown d u r i n g t h e w i n t e r 
s e a s o n , November t o F e b r u a r y , b u t t h e y d o o c c u r 
in t h e Mar i a s des Cygnes R i v e r and in t h e A r k a n s a s 
R i v e r b a s i n i n s o u t h e a s t e r n K a n s a s d u r i n g t h a t 
p e r i o d . 
For t h e S t a t e a s a w h o l e t h e p e r i o d o f g r e a t e s t 
f l o o d f r e q u e n c y i s d u r i n g t h e s p r i n g and summer, 
from g e n e r a l heavy and p r o l o n g e d r a i n s . I n t e n s e 
l o c a l c o n v e c t i v e s t o r m s a l s o c a u s e damaging f l a s h 
f l o o d s i n t h e s m a l l e r s t r e a m s d u r i n g t h e warmer 
s e a s o n . N o t a b l e f l o o d y e a r s i n K a n s a s i n c l u d e 
1 8 4 4 , 1 9 0 3 , 1 9 2 3 , 1 9 3 5 , 1 9 4 1 , 1944 and 1 9 5 1 . 
The a n n u a l mean t e m p e r a t u r e r a n g e s from a b o u t 
5 8 ° F . a l o n g t h e s o u t h c e n t r a l and s o u t h e a s t e r n 
b o r d e r t o 5 2 ° F . i n t he e x t r e m e n o r t h w e s t . Monthly 
mean t e m p e r a t u r e s in the n o r t h w e s t r a n g e from abou t 
2 8 ° F . i n J a n u a r y t o n e a r 7 8 ° F . i n J u l y , and i n 
t h e s o u t h e a s t and s o u t h - c e n t r a l from 34°F . in J a n u -
a r y t o 8 0 ° F . o r 0 ) ° F . i n J u l y . D a i l y t e m p e r a t u r e 
r a n g e s , o n t h e a v e r a g e , i n c r e a s e from 2 0 ° i n t h e 
e a s t t o 3 0 ° i n t h e h i g h e r and d r i e r e l e v a t i o n s 
o f t h e n o r t h w e s t . 
T e m p e r a t u r e s o f 1 0 0 ° F . o r h i g h e r o c c u r on an 
a v e r a g e of 10 days p e r y e a r in t h e e a s t and w e s t 
and a b o u t 1 5 d a y s i n t h e c e n t r a l p o r t i o n . I n 
some of t h e h o t t e r summers t he "number of days w i t h 
1 0 0 ° F . o r h i g h e r h a s t o t a l l e d 5 0 t o 6 0 i n t h e 
c e n t r a l and s o u t h - c e n t r a l c o u n t i e s . The number-
o f d a y s w i t h z e r o o r l o w e r a v e r a g e s 2 t o 1 d a y s 
p e r y e a r a t t h e s o u t h e a s t e r n s t a t i o n s and 0 t o 
10 days in t h e n o r t h w e s t . E x t r e m e s fo r t h e S t a t e 
a r e - 4 0 ° F . o n F e b r u a r y 1 3 , 1 9 0 5 , a t L e b a n o n i n 
Smith County and 121°F. on J u l y 18 . 1936, a t F r e -
d o n i a and on J u l y 2 4 , 1936, a t A l t o n . 
F r e e z i n g t e m p e r a t u r e s have been r e c o r d e d some-
w h e r e i n t h e S t a t e a l l m o n t h s o f t h e y e a r . The 
3 2 ° F . r e a d i n g i n J u l y was a t T r i b u n e o n J u l y 17, 
1000, as a r e s u l t o f a very s e v e r e h a i l s t o r m ( 2 ) . 
On August 26 , 1910, an i n v a s i o n of c o l d a i r b r o u g h t 
t e m p e r a t u r e s o f 3 3 ° F . t o A l t o n and S t . F r a n c i s . 
A t Smi th C e n t e r w h i t e f r o s t o c c u r r e d and i c e a s 
t h i c k as a window p a n e was r e p o r t e d by f a r m e r s 
( 3 ) . T e m p e r a t u r e s o f 100°F . o r h i g h e r have been 
e x p e r i e n c e d in Kansas as e a r l y as March 2 1 , 1907, at 
A s h l a n d , and a s l a t e a s O c t . 9 , 1921 , a t M e d i c i n e 
Lodge . 
D u r i n g much o f t h e y e a r t h e r e i s a p r o g r e s s i v e 
i n c r e a s e i n mean t e m p e r a t u r e f rom t h e h i g h e r 
n o r t h w e s t e r n c o u n t i e s t o t h e s o u t h e a s t e r n a r e a . 
The e x c e p t i o n i s d u r i n g t h e warm summer m o n t h s 
when t h e h i g h e r mean t e m p e r a t u r e s a r e f o u n d i n 
t h e c e n t r a l and s o u t h - c e n t r a l c o u n t i e s . 
The p r e v a i l i n g winds a r e from a s o u t h e r l y d i r e c -
t i o n w i t h t h e e x c e p t i o n o f t h e c o l d m o n t h s o f 
December t h r o u g h March w h i c h h a v e c o n s i d e r a b l e 
wind from t h e n o r t h o r n o r t h w e s t . G e n e r a l l y t h e 
e x t r e m e w i n d s a r e from a n o r t h e r l y d i r e c t i o n . I n 
t h e w e s t e r n p a r t o f ' t h e S t a t e w i n d s p e e d s a r e 
h i g h e r and average about 15 m i l e s per hour , a p p r o x i -
m a t e l y 5 m i l e s per hour f a s t e r t h a n i n t h e e a s t e r n 
s e c t i o n s . 
Al though s t o r m s o c c a s i o n a l l y r e s u l t i n c o n s i d e r -
a b l e damage , t h e y a r e f o r t h e most p a r t o f s h o r t 
d u r a t i o n . I n d r y p e r i o d s d u s t s t o r m s may r e c u r 
f r e q u e n t l y in the w e s t , and a t i n t e r v a l s a b l i z z a r d 
o r s e v e r e snowstorm l a s t s for 36 to 48 h o u r s . The 
damaging w i n d s , h a i l , and t o r n a d o e s , howeve r , a r e 
g e n e r a l l y o f s h o r t d u r a t i o n , a l t h o u g h ve ry s e v e r e . 
Seldom a r e t h e y o f any g r e a t a r e a l e x t e n t . One 
of t h e r a r e e x c e p t i o n s was on J u n e 4 , 1 9 5 5 , when 
3 9 t o r n a d o e s o r f u n n e l c l o u d s were r e p o r t e d from 
n u m e r o r s l o c a l i t i e s i n t h e w e s t e r n t w o - t h i r d s o f 
t h e S t a t e . A n o t h e r was a v i o l e n t w i n d s t o r m o v e r 
a p p r o x i m a t e l y 2 5 , 0 0 0 s q u a r e m i l e s o f t h e e a s t e r n 
p a r t t h e n i g h t o f J u l y 1 0 - 1 1 , 1958. Winds r e a c h e d 
s p e e d s of 90 to 95 m i l e s per hour in many p l a c e s ; 
d e v a s t a t i n g h a i l and d e l u g e s o f r a i n w e r e a l s o 
p r o m i n e n t , i n t h i s w i d e s p r e a d s t o r m . 
Few d e a t h s r e s u l t from w e a t h e r c a u s e s . Most o f 
t h e land i s t i l l a b l e , and the c l i m a t e combines w i t h 
t h e broad wes te rn p l a i n s to g ive Kansas an e s p e c i a l -
l y f a v o r a b l e r e g i m e f o r t h e p r o d u c t i o n o f w h e a t . 
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Climate of Montana 
R . A . D i g h t m a n , W e a t h e r B u r e a u S t a t e C l i m a t o l o g i s t 
M o n t a n a , w i t h a n a r e a o f 1 4 6 , 3 1 6 s q u a r e m i l e s , 
i s t h e f o u r t h l a r g e s t s t a t e o f t h e U n i o n . C l i m a t i c 
v a r i a t i o n s a r e l a r g e . The h a l f o f t h e S t a t e s o u t h -
w e s t o f a l i n e from t h e s o u t h e a s t e r n c o r n e r to t h e 
Canad i an Border n o r t h of Cut Bank in G l a c i e r County 
i s v e r y m o u n t a i n o u s , w h i l e t h e n o r t h e a s t e r n h a l f 
i s v e r y much l i k e G r e a t P l a i n s c o u n t r y — — b r o k e n 
o c c a s i o n a l l y b y w i d e v a l l e y s and i s o l a t e d g r o u p s 
o f h i l l s . The e x t e n t o f t h e c l i m a t i c v a r i a t i o n s 
one s h o u l d e x p e c t i s i n d i c a t e d b y t h e r a n g e i n 
e l e v a t i o n o f from 1,800 f e e t above sea l e v e l where 
t h e K o o t e n a i R i v e r e n t e r s I d a h o t o 1 2 , 8 5 0 f e e t a t 
G r a n i t e Peak near Y e l l o w s t o n e P a r k . Ha l f t h e S t a t e 
l i e s a b o v e 4 , 0 0 0 f e e t a b o v e sea l e v e l . 
The C o n t i n e n t a l D i v i d e t r a v e r s e s t h e w e s t e r n half 
o f t h e S t a t e i n r o u g h l y a n o r t h - s o u t h d i r e c t i o n . 
To t h e w e s t o f t h e D i v i d e , Montana i s d r a i n e d b y 
t h e K o o t e n a i , C l a r k F o r k , and F l a t h e a d R i v e r s i n t o 
t h e P a c i f i c O c e a n t h r o u g h t h e C o l u m b i a R i v e r . 
Many o f t h e t r i b u t a r y s t r e a m s i n t h i s r e g i o n have 
t h e i r o r i g i n i n t h e h igh e l e v a t i o n s o f t h e w e s t e r n 
s l o p e s o f t h e R o c k i e s . M o s t s t r e a m s t r a v e r s e 
n a r r o w c a n y o n s , a t l e a s t t h r o u g h p a r t s o f t h e i r 
l e n g t h , a f f o r d i n g many v a l u a b l e w a t e r power s i t e s . 
A r e l a t i v e l y s m a l l a r e a l o c a t e d be tween t h e Hudson 
Bay D i v i d e and t h e Rocky M o u n t a i n s i s d r a i n e d by 
t h e S t . Mary R i v e r w h i c h f i n d s i t s way t o t h e 
Hudson Bay t h r o u g h t h e S a s k a t c h e w a n R i v e r . The 
r e m a i n d e r o f t h e S t a t e i s d r a i n e d b y t h e M i s s o u r i 
R i v e r w h i c h i s f o r m e d b y t h e c o n f l u e n c e o f t h e 
G a l l a t i n , Madison, and J e f f e r s o n R i v e r s i n t h e Big 
B e l t M o u n t a i n s , and f l o w s t h r o u g h t h e lower l y i n g 
n o r t h e a s t e r n p o r t i o n o f t h e S t a t e . The Y e l l o w s t o n e 
R i v e r , t h e p r i n c i p a l t r i b u t a r y o f t h e M i s s o u r i 
i n Montana and w h i c h h a s i t s s o u r c e i n Wyoming, 
d r a i n s t h e s o u t h e a s t e r n s e c t i o n o f t h e S t a t e and 
has i t s c o n f l u e n c e w i t h t h e M i s s o u r i j u s t e a s t o f 
t h e M o n t a n a - N o r t h D a k o t a l i n e . 
The C o n t i n e n t a l D i v i d e e x e r t s a marked i n f l u e n c e 
o n t h e c l i m a t e o f a d j a c e n t a r e a s . West o f t h e 
D i v i d e t h e C l i m a t e m i g h t b e t e r m e d a m o d i f i e d 
n o r t h P a c i f i c c o a s t t y p e , w h i l e t o the e a s t c l i m a t i c 
c h a r a c t e r i s t i c s a r e d e c i d e d l y c o n t i n e n t a l . O n 
t h e west o f t he mounta in b a r r i e r w i n t e r s a r e m i l d e r , 
p r e c i p i t a t i o n i s more e v e n l y d i s t r i b u t e d t h r o u g h -
o u t t h e y e a r , summers a r e c o o l e r i n g e n e r a l , and 
w inds a r e l i g h t e r than o n the e a s t e r n s i d e . T h e r e 
i s more c l o u d i n e s s i n t h e w e s t i n a l l s e a s o n s , 
h u m i d i t y r u n s a b i t h i g h e r , and t h e g rowing s e a s o n 
i s s h o r t e r t h a n i n t h e e a s t e r n p l a i n s a r e a s . 
Co ld waves w h i c h c o v e r p a r t s o f Montana o n t h e 
a v e r a g e o f 6 t o 1 2 t i m e s a w i n t e r a r e c o n f i n e d 
m o s t l y t o t he s e c t i o n s n o r t h e a s t o f a G l a c i e r P a r k -
M i l e s C i t y l i n e . A few o f t h e s e c o l d waves c o v e r 
t h e e n t i r e a r e a e a s t o f t h e D i v i d e , and o n e o r 
two a s e a s o n w i l l c o v e r t he S t a t e a l l t h e way f r o n 
t h e Dako tas to I d a h o . These c o l d waves do not now 
h o l d t he d a n g e r s they d i d DO or more y e a r s ago b e -
f o r e t r a n s p o r t a t i o n , r o a d s , communica t ions , and even 
h e a t i n g p l a n t s , d e v e l o p e d t o t h e i r p r e s e n t l e v e l s . 
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H o w e v e r , w i t h t e m p e r a t u r e s w e l l b e l o w z e r o and 
somet imes s t r o n g winds w i t h b lowing snow, they can 
b e v e r y i n c o n v e n i e n t , and even d a n g e r o u s t o t h e 
c a r e l e s s o r i n e x p e r i e n c e d . I n s m a l l a r e a s i d e a l l y 
s i t u a t e d f o r r a d i a t i o n c o o l i n g , low t e m p e r a t u r e s 
c a n f a l l t o - 5 0 ° F . o r l o w e r . The c o l d e s t e v e r 
o b s e r v e d was - 7 0 ° F . a t Rogers P a s s , 40 m i l e s n o r t h -
w e s t o f H e l e n a , on J a n u a r y 2 0 , 1954 ( c o l d e s t o f 
r e c o r d t o 1958 f o r e n t i r e U n i t e d S t a t e s e x c l u s i v e 
o f A l a s k a ) . I n c o n t r a s t t h e low a t H e l e n a t h a t 
m o r n i n g was o n l y - 3 6 ° F . 
D u r i n g t h e summer m o n t h s h o t w e a t h e r o c c u r s 
f a i r l y o f t e n i n t h e e a s t e r n p a r t s o f t h e S t a t e - -
t h e h i g h e s t ever o b s e r v e d be ing 117°F. a t G l e n d i v e 
J u l y 2 0 , 1 0 9 3 , and M e d i c i n e L a k e J u l y 5 , 1 9 3 7 . 
T e m p e r a t u r e s of ove r 100°F. somet imes o c c u r in t h e 
l o w e r e l e v a t i o n a r e a s w e s t o f t h e D i v i d e d u r i n g 
t h e summer, b u t h o t s p e l l s a r e l e s s f r e q u e n t and 
o f s h o r t e r d u r a t i o n t h a n i n t h e p l a i n s s e c t i o n s . 
Hot s p e l l s nowhere become o p p r e s s i v e , however , b e -
c a u s e summer n i g h t s a l m o s t i n v a r i a b l y a r e c o o l and 
p l e a s a n t . I n the a r e a s w i t h e l e v a t i o n s above 4 , 0 0 0 
f e e t ( h a l f t h e S t a t e ) h o t w e a t h e r i s a l m o s t u n -
known—al though summer days a r e u s u a l l y warm enough 
f o r l i g h t summer c l o t h i n g . 
W i n t e r s , w h i l e u s u a l l y c o l d , a r e no t c o n t i n o u s l y 
s o . Between c o l d waves t h e r e a r e p e r i o d s , some-
t i m e s l o n g e r than 10 d a y s , of mi ld bu t o f t e n windy 
w e a t h e r . T h e s e warm, windy w i n t e r p e r i o d s o c c u r 
a l m o s t e n t i r e l y a l o n g t h e e a s t e r n and n o r t h e a s t e r n 
s l o p e s o f t h e D i v i d e , and a r e p o p u l a r l y known a s 
" c h i n o o k " w e a t h e r . A t t i m e s , i n t h e s o - c a l l e d 
" c h i n o o k " b e l t from t h e Browning-She lby a r ea s o u t h -
e a s t w a r d t o t h e Y e l l o w s t o n e V a l l e y above B i l l i n g s , 
t h e s e "ch inook" winds can be s t rong (25 to 50 m . p . h . 
o r more) and p e r s i s t f o r s e v e r a l d a y s w i t h o n l y 
b r i e f i n t e r r u p t i o n s . J a n u a r y ( t h e c o l d e s t month) 
t e m p e r a t u r e a v e r a g e s r a n g e from 1 0 . 0 ° F . f o r t h e 
N o r t h e a s t e r n D i v i s i o n t o 2 1 . 7 ° F . f o r t h e South C e n -
t r a l (upper Y e l l o w s t o n e V a l l e y ) D i v i s i o n . I n some 
a r e a s e a s t o f t h e C o n t i n e n t a l D i v i d e J a n u a r y o r 
F e b r u a r y can a v e r a g e 0 ° F . o r b e l o w , b u t such o c -
c u r r e n c e s r a n g e from i n f r e q u e n t t o a b o u t once i n 
10 or 15 y e a r s in t h e c o l d e s t s p o t s . Most Montana 
l a k e s f r e e z e over e v e r y w i n t e r , b u t F l a t h e a d L a k e , 
b e t w e e n P o i s o n and K a l i s p e l l , f r e e z e s o v e r com-
p l e t e l y o n l y d u r i n g t h e c o l d e s t w i n t e r s - - a b o u t 
1 y e a r i n 10. A l l r i v e r s c a r r y f l o a t i n g i c e d u r -
ing l a t e w i n t e r o r e a r l y s p r i n g , b u t few s t r e a m s 
f r e e z e s o l i d - - w h e r e i c e - c o v e r e d , w a t e r g e n e r a l l y 
f l o w s b e n e a t h t h e i c e . D u r i n g c o l d e s t w i n t e r s 
" a n c h o r " i c e (which b u i l d s from t h e bo t tom of s h a l -
low s t r e a m s ) i n f r e q u e n t l y can c a u s e some f l o o d i n g , 
b u t t h i s i s n o t a common phenomenon. 
J u l y (warmes t month) a v e r a g e t e m p e r a t u r e r a n g e s 
f r o m 7 2 . 1 ° F . f o r t h e S o u t h e a s t e r n D i v i s i o n t o 
6 3 . 7 ° F . fo r t h e S o u t h w e s t e r n D i v i s i o n . T h i s m i d -
summer warmth i s f a i r l y s t e a d y , ve ry seldom s e v e r e , 
and i s t e m p e r e d by no rma l n i g h t t i m e minima in t h e 
5 0 ' s and 6 0 ' s . M i l e s C i t y , o n e o f t h e S t a t e ' s 
warmes t p l a c e s in J u l y , has a J u l y a v e r a g e minimum 
t e m p e r a t u r e of 6 0 . 0 ° F . and an a v e r a g e maximum of 
8 9 . 9 ° F . G e n e r a l l y a d e q u a t e m o i s t u r e c o n t r i b u t e s 
t o v e r y r a p i d p l a n t and c r o p d e v e l o p m e n t d u r i n g 
t h e J u n e t o S e p t e m b e r w a r m t h . 
P r e c i p i t a t i o n v a r i e s w i d e l y , and d e p e n d s l a r g e l y 
upon t o p o g r a p h i c i n f l u e n c e s . A r e a s a d j a c e n t t o 
mounta in r anges i n g e n e r a l a r e t he w e t t e s t , a l t h o u g h 
t h e r e a r e a few e x c e p t i o n s where t h e " r a i n - s h a d o w " 
e f f e c t a p p e a r s . G e n e r a l l y n e a r l y h a l f t h e a n n u a l 
l o n g - t e r m a v e r a g e t o t a l f a l l s i n t h e 3 months May 
t h r o u g h J u l y . T h i s i s p e r h a p s t h e main r e a s o n 
why Montana i s c o n s i s t e n t l y one o f t h e l a r g e r p r o -
d u c e r s a n n u a l l y o f d r y l a n d g r a i n c r o p s . The Wes te rn 
D i v i s i o n o f t h e S t a t e i s t h e w e t t e s t and the N o r t h 
C e n t r a l t h e d r i e s t . T h e r e a r e a few v a l l e y s i n 
t h e W e s t e r n D i v i s i o n t h a t a r e r e l a t i v e l y d r y , a s 
r e f l e c t e d by Deer Lodge and L o n e p i n e a v e r a g e s of 
1 0 . 2 8 and 1 1 . 2 7 i n c h e s r e s p e c t i v e l y . The l o w e s t 
l o n g - t e r m a v e r a g e p r e c i p i t a t i o n i n t h e S t a t e i s 
9 . 7 9 a t He lena 6NNW, bu t a t t h e He lena C i t y c e n t e r 
t h e a v e r a g e i s 1 2 . 5 5 i n c h e s - - a t y p i c a l e x a m p l e 
o f l a r g e v a r i a t i o n s w i t h i n s h o r t d i s t a n c e s . The 
h i g h e s t a v e r a g e i n t h e S t a t e i s 3 4 . 3 8 i n c h e s a t 
Heron; however, 7 of 9 s e a s o n s ( J u l y - J u l y ) at G r i n -
n e l l G l a c i e r # 1 i n G l a c i e r N a t i o n a l Park have p r o -
duced t o t a l s o f o v e r 100 i n c h e s . 
Annua l s n o w f a l l v a r i e s from q u i t e heavy (up t o 
300 i n c h e s ) i n some p a r t s o f t h e m o u n t a i n s i n t h e 
w e s t e r n h a l f o f t h e S t a t e t o a r o u n d 2 0 i n c h e s a t 
some s t a t i o n s i n t h e two n o r t h e r n d i v i s i o n s e a s t 
o f t h e C o n t i n e n t a l D i v i d e . Most o f t h e l a r g e r 
c i t i e s have a n n u a l s n o w f a l l w i t h i n t h e 3 0 - t o 5 0 -
i n c h r a n g e . Most snow f a l l s d u r i n g t h e November-
March p e r i o d , b u t heavy s n o w s t o r m s can o c c u r a s 
e a r l y as, m i d - S e p t e m b e r or as l a t e as May 1 in t h e 
h i g h e r s o u t h w e s t e r n h a l f o f t h e S t a t e . I n e a s t e r n 
s e c t i o n s e a r l y o r l a t e s e a s o n snows a r e n o t v e r y 
common. M o u n t a i n s n o w p a c k s i n t h e w e t t e r a r e a s 
o f t e n exceed 100 i n c h e s in d e p t h as t h e snow s e a s o n 
a p p r o a c h e s i t s end a round A p r i l 1 to, 15 a n n u a l l y . 
The g r e a t e s t volume o f f low o f M o n t a n a ' s r i v e r s 
o c c u r s d u r i n g t h e s p r i n g and e a r l y summer m o n t h s 
w i t h t h e m e l t i n g o f t h e w i n t e r snow p a c k . Heavy 
r a i n s f a l l i n g d u r i n g t h e s p r i n g thaw c o n s t i t u t e a 
s e r i o u s f l ood t h r e a t . I c e jams which o c c u r d u r i n g 
t h e s p r i n g b r e a k u p , u s u a l l y i n March , c a u s e b a c k -
w a t e r f l o o d i n g . F l a s h - f l o o d s , a l t h o u g h r e s t r i c t e d 
in scope , a r e p r o b a b l y the most numerous and r e s u l t 
f rom l o c a l l y h e a v y r a i n s t o r m s i n t h e s p r i n g and 
summer. Of r e c e n t y e a r s , one of t h e most damaging 
f l o o d s o c c u r r e d i n 1953. O t h e r s i g n i f i c a n t f l o o d s 
o c c u r r e d in 1948 and 1952. 
S e v e r e s t o r m s o f s e v e r a l t y p e s can o c c u r , b u t 
t h e mos t t r o u b l e s o m e a r e h a i l s t o r m s w h i c h c a u s e 
c r o p and p r o p e r t y damage a v e r a g i n g about $5 m i l l i o n 
a n n u a l l y . Th i s i s no t u n u s u a l l y l a r g e f o r a n a r e a 
o f 146 ,000 s q u a r e m i l e s , however , and t h e i r o c c u r -
r e n c e i s l i m i t e d ma in ly t o J u l y and A u g u s t , i n f r e -
q u e n t l y i n J u n e and S e p t e m b e r . 
T o r n a d o e s d e v e l o p i n f r e q u e n t l y and o c c u r a l m o s t 
e n t i r e l y e a s t o f t h e D i v i d e - - l a r g e l y i n t h e e a s t e r n , 
t h i r d o f t h e S t a t e . I n t h e 4 3 - y e a r p e r i o d , 1 9 1 6 -
5 8 , 7 0 t o r n a d o e s w e r e r e p o r t e d , b u t mos t w e r e i n 
open c o u n t r y , and p r o p e r t y damage from a l l t o t a l e d 
a b o u t $ 1 , 6 0 0 , 0 0 0 . S e v e r e w i n d s t o r m s o f a g e n e r a l 
n a t u r e a r e r a r e , b u t can o c c u r l o c a l l y ( m a i n l y 
e a s t o f t h e D i v i d e ) from a few t o s e v e r a l t i m e s 
a y e a r . D r o u g h t i n i t s most s e v e r e form i s p r a c -
t i c a l l y u n k n o w n , b u t d r y y e a r s d o o c c u r i n some 
s e c t i o n s . A l l p a r t s o f t h e S t a t e r a r e l y s u f f e r 
from d r y n e s s a t t h e same t i m e ; t h e o n l y e x c e p t i o n s 
on r e c o r d o c c u r r e d d u r i n g the 1930 d e c a d e . Drough t 
i n f r e q u e n t l y l a s t s 2 or 3 y e a r s in one or two of 
t h e S t a t e ' s c l i m a t i c s u b d i v i s i o n s . 
Water s u p p l i e s i n t h e m o u n t a i n o u s s o u t h w e s t e r n 
h a l f a r e g e n e r a l l y ample and o f e x c e l l e n t q u a l i t y . 
In the n o r t h e a s t e r n ha l f o f the S t a t e wa t e r s u p p l i e s 
a r e g e n e r a l l y d e p e n d a b l e , but t h e w a t e r has a v a r -
i a b l e " h a r d " q u a l i t y , p a r t i c u l a r l y where w e l l s a r e 
u s e d . T h e r e a r e numerous i r r i g a t i o n p r o j e c t s f o r 
which wa t e r s u p p l i e s a r e u s u a l l y s u f f i c i e n t . I r r i -
g a t e d c rops which do we l l a re p o t a t o e s , sugar b e e t s , 
s o r g h u m s , a l f a l f a , and many v a r i e t i e s o f g r a i n . 
S m a l l e r q u a n t i t i e s o f o t h e r f a i r l y h a r d y c r o p s 
a r e grown u n d e r i r r i g a t i o n . Wide open a r e a s o f 
r a n g e l and p r o v i d e e x c e l l e n t q u a l i t y g r a s s f o r a n 
e x t e n s i v e l i v e s t o c k i n d u s t r y , and between l i v e s t o c k 
and o t h e r a g r i c u l t u r e , Montana h a s d e v e l o p e d i n t o 
an impor t an t food supply s t a t e . In s p i t e of f i g u r e s 
t h a t may i n d i c a t e w i n t e r s on t he co ld s i d e , g rowing 
s e a s o n s ( f r e e z e - f r e e p e r i o d s ) a r e 4 months o r more 
i n l e n g t h i n much o f t h e a g r i c u l t u r a l a r e a . I n 
p a r t s o f t h e m i d d l e Y e l l o w s t o n e V a l l e y , i n f a c t , 
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t h e f r e e z e - f r e e p e r i o d r u n s a s long a s t h e 150-day 
ave rayc a t Mi les C i t y . Much of t he S l a t e has a v e r a g e 
f r e e z e - f r e e p e r i o d s l o n g e r t h a n 130 d a y s , a l l o w i n g 
p l e n t y of t ime fo r growing a wide v a r i e t y of c r o p s . 
T h e r e i s n o f r e e z e - f r e e p e r i o d i n many h i g h e r 
v a l l e y s o f t h e w e s t e r n m o u n t a i n s , b u t h a r d y and 
n o u r i s h i n g g r a s s e s t h r i v e i n such p l a c e s , p r o d u c i n g 
l a r g e amoun t s o f h i g h - q u a l i t y s t o c k g r a z i n g . 
I n d u s t r y , e n c o u r a g e d b y i n c r e a s i n g s u p p l i e s o f 
power , i s becoming more d i v e r s i f i e d , bu t m i n i n g , 
m e t a l r e f i n i n g , o i l , and lumber r e m a i n t h e p r i n -
c i p a l i n d u s t r i e s . R e c r e a t i o n a l l y , t h e S t a t e has 
much to o f f e r , w i t h two N a t i o n a l Harks-, many l a r g e 
l a k e s , n u m e r o u s t r o u t s t r e a m s , and a b u n d a n t b i g -
game s u p p l i e s . A c c o m m o d a t i o n s may b e f o u n d a l -
most anywhere , but t he w i l d e r n e s s a r e a s in p a r t s o f 
t h e w e s t e r n m o u n t a i n s a r e q u i t e p r i m i t i v e . 
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Climate of Texas 
R i c h a r d D . W . B l o o d , W e a t h e r B u r e a u S t a t e C l i m a t o l o g i s t 
Texas i s a m e e t i n g p l a c e o f fou r g r e a t g e o g r a p h i -
c a l r e g i o n s o f t h e Nor th Amer ican C o n t i n e n t . The 
G u l f C o a s t a l P l a i n e x t e n d i n g w e s t w a r d from t h e 
A t l a n t i c s e a b o a r d mee t s t h e G r e a t P l a i n s sweep ing 
down f rom C a n a d a b e t w e e n t h e main a x i s o f t h e 
R o c k i e s o n t h e w e s t and t h e l o w e r v a l l e y o f t h e 
M i s s i s s i p p i o n t h e e a s t . Texas i s f l a n k e d o n t h e 
w e s t by t h e Rocky M o u n t a i n s y s t e m , whose e a s t e r n 
r a n g e s t r a n s v e r s e t h e T r a n s - P e c o s , and o n t h e e a s t 
by t h e M i s s i s s i p p i V a l l e y , w i t h a few r i v e r s a long 
t h e n o r t h e r n b o r d e r o f t h e S t a t e d r a i n i n g i n t o t h e 
M i s s i s s i p p i R i v e r s y s t e m . 
The d i s t a n c e f rom t h e mos t s o u t h e r n p o i n t o f 
T e x a s n e a r t h e mouth o f t h e R io G r a n d e R i v e r t o 
t h e n o r t h w e s t e r n c o r n e r o f t h e P a n h a n d l e i s 801 
m i l e s . From t h e e a s t e r n b o r d e r t o t h e w e s t e r n i t 
s t r e t c h e s 773 m i l e s . The S t a t e h a s a n a r e a o f 
2 6 5 , 8 9 6 s q u a r e m i l e s , and a s a r e s u l t p r e s e n t s 
g r e a t d i v e r s i t y i n t o p o g r a p h y and c l i m a t e . I t 
e x t e n d s a c r o s s 13° 5 ' o f l o n g i t u d e , and 10° 4 0 ' 
o f l a t i t u d e . E l e v a t i o n s v a r y from s e a l e v e l t o 
8 , 7 5 1 f e e t a t t h e t o p o f G u a d a l u p e M o u n t a i n i n 
C u l b e r s o n C o u n t y . 
Wedged b e t w e e n t h e warm w a t e r s o f t h e G u l f o f 
Mexico and t h e h i g h p l a t e a u s and m o u n t a i n r a n g e s 
o f t h e North Amer ican C o n t i n e n t , Texas has d i v e r s e 
m e t e o r o l o g i c a l and c l i m a t o l o g i c a 1 c o n d i t i o n s . 
M a r i t i m e , c o n t i n e n t a l , and m o u n t a i n t y p e s o f c l i -
ma te a r e a l l found i n T e x a s ; t h e c o n t i n e n t a l and 
moun ta in t y p e s i n t r u e form, b u t t h e m a r i t i m e c l i -
mate m o d i f i e d b y s u r g e s o f c o n t i n e n t a l a i r . The 
c o n t i n e n t a l t y p e o f c l i m a t e i s t h e mos t p r e v a l e n t 
over t h e S t a t e . The m o u n t a i n t y p e i s c o n f i n e d t o 
a r e l a t i v e l y s m a l l a r e a o f w e s t e r n T e x a s , t h e 
T r a n s - P e c o s a rea . ' The c o m p a r a t i v e l y n a r r o w s t r i p 
o f t h e C o a s t a l P l a i n s h a s a m o d i f i e d m a r i t i m e 
c l i m a t e . 
C o n t i n e n t a l c l i m a t e s a r e c h a r a c t e r i z e d b y r a p i d 
c h a n g e s i n t e m p e r a t u r e , m a r k e d e x t r e m e s , and 
l a r g e t e m p e r a t u r e r a n g e s b o t h d a i l y and a n n u a l l y . 
M o u n t a i n c l i m a t e s a r e c o o l e r t h r o u g h o u t t h e y e a r 
t h a n t h o s e o f t h e a d j a c e n t l o w l a n d s . T e m p e r a t u r e s 
d e c r e a s e w i t h a l t i t u d e and a v e r a g e a b o u t 1 ° F . low-
e r f o r each 300 f e e t o f i n c r e a s e d e l e v a t i o n . The 
r a t e o f c h a n g e v a r i e s w i t h t h e s e a s o n , b e i n g more 
r a p i d i n summer and g r e a t e s t d u r i n g t h e warmer 
hours o f t h e day . Mar i t ime c l i m a t e s a r e c h a r a c t e r -
i z e d b y c o m p a r a t i v e l y u n i f o r m t e m p e r a t u r e s i n a l l 
s e a s o n s , w i t h a smal l d a i l y r a n g e , and the p r o g r e s s 
o f t h e s e a s o n s i s r e t a r d e d , g i v i n g a m a r i n e c l i -
m a t e w i t h c o m p a r a t i v e l y p l e a s a n t s u m m e r s , m i l d 
w i n t e r s , c o o l s p r i n g s , and warm a u t u m n s . 
Texas c l i m a t e v a r i e s from h o t subhumid w i t h d ry 
w i n t e r s i n t h e lower R i o G r a n d e V a l l e y , t o c o l d 
s e m i a r i d o n t h e n o r t h e r n P a n h a n d l e P l a i n s . From 
e a s t t o w e s t i t v a r i e s f rom warm humid o n t h e 
L o u i s i a n a b o r d e r t o a r i d i n t h e T r a n s - P e c o s , T h i s 
v a r i a b i l i t y r e s u l t s from d i f f e r e n c e s i n l a t i t u d e , 
e l e v a t i o n , and d i s t a n c e from m o i s t u r e - s o u r c e r e -
g i o n s , p r i n c i p a l l y t h e Gulf o f M e x i c o . 
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Host Texas rivers parallel each other and flow 
directly into the Gulf, but the Canadian, Red, and 
Sulphur Rivers are a part of the Mississippi River 
system. In addition to the river basins there 
are about 15,000 square miles of land that have 
no drainage to the sea. This territory lies in 
the high Diablo Plateau of the Trans-Pecos; por-
tions of the High Plains, where, because of level 
surface and nature of the soil, drainage is into 
shallow lakes and into the underground reservoirs; 
the sand dune area in the vicinity of Ward County; 
and the area lying inland from the Gulf coast be-
tween the lower Rio Grande Valley and Kingsville. 
Texas has few natural lakes. The erection of 
dams and reservoirs on each of the major rivers 
has created a great number of lakes which are com-
bination recreation areas for boating, fishing, 
swimming, and water skiing, in addition to per-
forming their primary functions, those of water 
conservation, flood control, water supply, and in 
some cases, hydroelectric power. 
Texas obtains a little more than one-third of its 
annual water supply from underground sources. 
About 7,500,000 acre feet (1 acre foot = depth of 
1 foot over 1 acre) of water come from ground water 
sources, and about 14,500,000 acre feet from surface 
water sources. More than three-fourths of the in-
corporated towns of Texas have drawn most of their 
water from beneath the earth. Cities are now turn-
ing toward surface water supply as demand increases. 
All the coastal cities have been dependent upon 
ground water supply, though some of them arc now 
turning to surface water for part of their supply. 
San Antonio depends on ground water, as do Amarillo, 
Lubbock, Plainview, and all other High Plains 
cities. 
Great amounts of ground water are being used for 
irrigation. All the High Plains irrigation is 
from ground water. So is most of the water used 
in the Pecos Valley and the remainder of the Trans-
Pecos, except the upper Rio Grande Valley, The 
Winter Garden area in the southwest gets most of 
its water from underground. The Gulf coast rice 
fields water supply is from both surface and under-
ground. There are six divisions of water-bearing 
formations beneath the surface of Texas. Most of 
these ground water reservoirs have declining water 
tables. Little is known of the extent of the re-
maining underground water resources. 
Rainfall in Texas is not evenly distributed over 
the State, and varies greatly from year to year. 
Average annual rainfall along the Louisiana border 
is in excess of 55 inches, and in the western ex-
tremity of the State it is less than 10 inches. 
Generally the rainfall decreases from east to west, 
although not following a uniform rate. The number 
of days with measurable precipitation follow the 
general trend of rainfall totals, so that seasonal 
frequencies are lowest where amounts are lowest. 
The relative variability in precipitation, both 
monthly and annually over the whole State, is ex-
tremely high, so "average" or "normal" precipita-
tion for any station is not a stable statistic. 
Rains occur most frequently in the springtime 
as a result of squall line thunderstorms. Rain 
usually shows a peak in April and May, except in 
the Trans-Pecos where afternoon thunderstorms dur-
ing July, August, and September account for most 
of the annual rainfall. A secondary peak in rain-
fall frequency and amounts appears during the fall 
when tropical disturbances move inland. Heavy 
rains associated with these storms are reflected 
in the rainfall statistics for the State. The 
greatest rainfall recorded in Texas during 2 4 
consecutive hours was at Thrall in Williamson 
County where 38.2 inches fell during parts of 
September 9 and 10, 1921. 
Texas drains entirely into the Gulf of Mexico. 
For the most part the drainage is directly into 
the Gulf, but the panhandle region, which is bi-
sected by the Canadian River, as well as that part 
of northern Texas which lies in the Red River basin, 
drain through the Mississippi River System. 
The Rio Grande and its principal tributary, the 
Pecos, drain narrow basins in the southwest. These 
two rivers, as well as the Canadian, rise in the 
Rocky Mountains in Colorado and New Mexico, while 
the Brazos and Colorado Rivers have their sources 
in the plains of New Mexico. All other streams 
by which the State is drained have their sources 
within its borders. 
The Sabine, Neches, Trinity, Brazos, and Colorado 
Rivers traverse regions where the heavy rains cause 
great erosion and as a result the streams are very 
muddy, carrying hundreds of thousands of tons of 
soil into the Gulf. The Guadalupe and Nueces have 
their sources in the Edwards Plateau and since 
the flow is over rocky terrain there is little 
erosion and their waters are clean and.clear, in 
marked contrast to the larger streams to the east-
ward. 
Due to thf variety in the physiographic features 
of the State, the types of floods experienced vary 
in character. In the east where the average annual 
rate of rainfall is highest, thrre are broad flat 
valleys and large areas of timber and brushland. 
The natural drainage channels have gentle slopes, 
limited capacity, and follow meandering courses 
from their headwater areas to the Gulf. Runoff 
is comparatively slow. During periods of intense 
general rainfall large volumes of water are tem-
porarily stored in the valleys of the basins and 
then slowly released to the streams. This pro-
duces a broad flat crpsted slow-moving flood which 
in thf lower basin regions results in protracted 
periods of inundation. 
In the west, ground and tree cover is sparse and 
stream slopes vary in the portions of the basins 
from steep to moderately steep, and tend to flatten 
in the. coastal strip. During periods of intense 
general rainfall the time of concentration of run-
off is more rapid in thr west portion of the State 
than in the eastern section. This results in the 
production of higher peaks and more rapidly moving 
floods with shorter periods of inundation of flood 
a rea s. 
In most of Texas a large portion of thp annual 
rainfall occurs within short periods of time, re-
sulting in excessive runoff and frequently produc-
ing damaging floods. Within the State there are 
approximately 8 1/2 million acres of land subject 
to flooding along the main streams and principal 
tributaries. Flood control works (dams and flood-
ways) now reduce flood crests along the larger 
s treams. 
Flood stage is reached on some Texas stream 
nearly every year. The most serious and general 
flooding of recent times occurred in 1957. These 
floods startpd in April and continued through June 
during which period every stream in Texas reached 
flood stage at some time. Some other notable 
flood years in Texas have been 1908, 1913, 1919, 
1922, 1929, 1930, 1932, 1935, 1936, 1942, 1943, 
1944, 1945, 1949, 1953 and 1954. 
Tropical cyclones are a threat to all sections 
of the Texas coast during the summer and fall. 
From 1886 to 1958, inclusive, 45 tropical storms 
of all intensities have actually entered the Texas 
coast. Two-thirds of these are known to be of 
hurricane intensity. Winds, high tides, and wave 
action combine to cause damage along the flat 
coastal plain, while extremely heavy rainfall in 
east and south Texas extends the damage resulting 
from tropical storms into inland areas. In addi-
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t i o n t o s torms a c t u a l l y e n t e r i n g the S t a t e , mod-
e r a t e t i d e s and winds have been produced by s torms 
p a s s i n g t h r o u g h the c e n t r a l Gulf o f Mexico and 
e n t e r i n g Mexico or L o u i s i a n a . 
The m o s t damaging T e x a s h u r r i c a n e moved o n t o 
the c o a s t j u s t west of G a l v e s t o n I s l a n d on Septem-
ber 8, 1900. The i s l a n d was c o m p l e t e l y inundated . 
The t i d e came in over t h e low p o r t i o n s of the c i t y 
e a r l y on the 8 t h , cont inued to r i s e s l o w l y a l l day, 
w i t h a more r a p i d r i s e b e g i n n i n g s h o r t l y a f t e r 
3 p.m. A sudden r i s e of 4 f e e t o c c u r r e d at 7 : 3 0 
p.m. and t h e e n t i r e c i t y was under w a t e r from 8 
t o 1 5 f e e t d e e p a t 8 p .m. Over 6 , 0 0 0 p e r s o n s 
per i shed and property damage was about $30 m i l l i o n . 
Not a s i n g l e s t r u c t u r e in the c i t y e scaped damage, 
and a n e s t i m a t e d 3 , 6 3 6 h o u s e s w e r e c o m p l e t e l y 
d e s t r o y e d . An a v e r a g e 5 - m i n u t e wind speed of 65 
m i l e s per hour was r e c o r d e d b e f o r e the anemometer 
blew away, but the peak wind speed was e s t i m a t e d 
a t 120 m i l e s per h o u r . Other s e v e r e h u r r i c a n e s 
have been recorded at G a l v e s t o n in 1915 , south of 
Corpus C h r i s t i in 1919, near B r o w n s v i l l e in 1933 , 
a long the c e n t r a l c o a s t in 1942 and 1945, and in 
t h e S a b i n e area in 1957 . 
H a i l s t o r m s o c c u r i n a l l p a r t s o f t h e S t a t e . 
The most f r e q u e n t and damaging h a i l s t o r m s are 
a s s o c i a t e d w i t h s q u a l l l i n e s d u r i n g t h e s p r i n g 
months. In the summer i s o l a t e d thunders torms p r o -
duce damaging h a i l , which i s u s u a l l y c o n f i n e d t o 
a s m a l l a r e a . Dur ing t h e t r a n s i t i o n p e r i o d i n 
the f a l l when c o l d f r o n t s f i r s t s t a r t i n t r u d i n g 
i n t o the S t a t e , some h a i l s t o r m s o c c u r . These are 
not a s f r e q u e n t nor u s u a l l y a s damaging a s the 
s p r i n g t i m e h a i l s t o r m s . 
A t o r n a d o i s a v i o l e n t l o c a l storm w i t h w h i r l i n g 
winds o f tremendous s p e e d . I t i s u s u a l l y r e c o g -
n i zed as a r o t a t i n g f u n n e l - s h a p e d c l o u d which e x -
t e n d s to t h e ground from t h e b a s e o f a t h u n d e r -
c l o u d . I t s c o l o r v a r i e s f rom g r a y t o b l a c k . 
T o r n a d o e s s t a r t t o form s e v e r a l t h o u s a n d f e e t 
above t h e e a r t h ' s s u r f a c e and some f u n n e l c l o u d s 
n e v e r r e a c h t h e g r o u n d , o r t h e y may t o u c h the 
ground and then r i s e a g a i n . 
Tornado format ion r e q u i r e s the p r e s e n c e o f l a y -
e r s o f a i r o f c o n t r a s t i n g t e m p e r a t u r e , m o i s t u r e , 
d e n s i t y , and windf low c h a r a c t e r i s t i c s . Cool , dry 
a i r from t h e w e s t or n o r t h w e s t moves over warm, 
mois t s u r f a c e a i r . When t h i s o c c u r s and is accom-
panied by a narrow band of s t r o n g winds at i n t e r -
mediate l e v e l s , compl i ca ted energy t r a n s f o r m a t i o n s 
occur which produce a v o r t e x or w h i r l . 
Tornadoes can o c c u r at any hour of t h e day or 
n i g h t t h r o u g h o u t the y e a r . D e s t r u c t i v e e f f e c t s 
o f a t o r n a d o r e s u l t from b o t h the v i o l e n t winds 
and the s t r o n g p r e s s u r e d i f f e r e n c e s over s m a l l 
areas . B u i l d i n g s can be torn apar t , and the p i e c e s 
d r i v e n t h r o u g h t h e a i r i n a d a n g e r o u s b a r r a g e . 
Walls may c o l l a p s e or t o p p l e outward. The sudden 
r e d u c t i o n of p r e s s u r e may have an e x p l o s i v e e f f e c t 
which can c a u s e machinery and o t h e r heavy o b j e c t s 
t o b e l i f t e d out o f b u i l d i n g s . 
Tornadoes have been r e p o r t e d from a l l s e c t i o n s 
of Texas . From 1896 through 1958 over a thousand 
tornadoes which have touched the ground have been 
recorded . Some e x c e p t i o n a l l y d i s a s t r o u s tornadoes 
were: Waco, May 11, 1953, 114 k i l l e d , 597 in jured . 
$ 4 1 , 1 5 0 , 0 0 0 damage, 150 homes d e s t r o y e d , 900 homes 
damaged;- D a l l a s , A p r i l 2 , 1957, 10 k i l l e d , 200 i n -
j u r e d , $ 4 , 0 0 0 , 0 0 0 p r o p e r t y damage; S3n A n g e l o , 
May 11, 1953 , 11 k i l l e d , 159 i n j u r e d , $ 3 , 2 3 9 , 0 0 0 
damage, 320 homes d e s t r o y e d , 199 homes damaged. 
One d e f i n i t i o n o f a d r o u g h t i s t h a t d r o u g h t 
o c c u r s when t h e r e i s n o w a t e r a v a i l a b l e i n the 
s o i l t o p l a n t s w i t h i n the r o o t z o n e . A d r o u g h t 
day is a day d u r i n g which no w a t e r is a v a i l a b l e 
t o the p l a n t . C a l c u l a t i o n s o f t h e s e v a l u e s i n -
v o l v e k e e p i n g a w a t e r b a l a n c e w i t h a t t e n t i o n t o 
t h e c a p a c i t y o f t,he s o i l t o h o l d m o i s t u r e , t o 
p r e c i p i t a t i o n , t o t h e w i l t i n g p o i n t o f p l a n t s , 
and the amount of w a t e r used or t r a n s p i r e d by t h e 
p l a n t . Even i n normal y e a r s t h e r e a r e p e r i o d s 
when r a i n f a l l d o e s n o t amply s u p p l y t h e w a t e r 
n e e d s o f many c r o p s . S u p p l e m e n t a r y i r r i g a t i o n 
from a c l i m a t i c v i ew i s n e e d e d f o r maximum c r o p 
p r o d u c t i o n i n most s e c t i o n s o f t h e S t a t e ' d u r i n g 
most y e a r s . 
The wors t drought in r e c e n t y e a r s began in 1950 
in the w e s t e r n p a r t o f the S t a t e and spread u n t i l 
about 94 percent of the c o u n t i e s (244 of 254) were 
c l a s s i f i e d a s d i s a s t e r a r e a s b y t h e end o f 1 9 5 6 . 
I n t erms o f f i n a n c i a l l o s s , n e c e s s a r y human a d -
j u s t m e n t s , and d e t e r i o r a t i o n o f p h y s i c a l r e s o u r c e s , 
t h i s was the worst drought in recorded Texas h i s tory . 
S i n c e 1900 t h e r e have b e e n 1 9 d r o u g h t y e a r s : 
1901, 1904, 1910, 1917, 1924-5 , 1930, 1933-4 , 1936, 
1939 , 1943 and 1 9 5 0 - 6 . 
D u r i n g t h e w i n t e r a l l but the Gulf c o a s t a r e a 
e x p e r i e n c e s f r e q u e n t s u r g e s o f c o l d c o n t i n e n t a l 
a i r . A s a r e s u l t , c o l d f r o n t s moving d o w n s t a t e 
from the High P l a i n s are very s t r o n g and f r e q u e n t . 
They o f t e n p r o g r e s s e a s t and south at speeds up to 
30 to over 40 m i l e s per hour. Behind t h e s e f r o n t s 
( " n o r t h e r s " ) t e m p e r a t u r e s f a l l very r a p i d l y w i t h 
s t r o n g g u s t y w i n d s . Temperature drops o f 40° t o 
50°F . in 12 hours are not uncommon in the nor thern 
h a l f o f the S t a t e . A s the f r o n t s p r o g r e s s s o u t h -
ward t h e y m o d e r a t e , and t e m p e r a t u r e c o n t r a s t s 
sharp ly d i m i n i s h the f a r t h e r the f r o n t p e n e t r a t e s . 
In w i n t e r a l o n g t h e c o a s t minimum t e m p e r a t u r e s 
a v e r a g e about 5 0 ° F . , and in the High P l a i n s d a i l y 
low r e a d i n g s a v e r a g e below f r e e z i n g f o r 5 months 
o f t h e y e a r . 
T e m p e r a t u r e s i n t h e n o r t h e r n h a l f o f t h e S t a t e 
d u r i n g the w i n t e r a r e q u i t e c h a n g e a b l e from day 
t o day , b e c a u s e o f t h e f r e q u e n t " n o r t h e r s " w h i c h 
move through the a r e a . Marked t e m p e r a t u r e r i s e s 
o c c a s i o n a l l y o c c u r i n b o t h t h e n o r t h and s o u t h 
High P l a i n s , w i t h warm winds from the w e s t . 
In summer t h e t e m p e r a t u r e c o n t r a s t from n o r t h 
t o south i s l e s s marked. D a i l y h i g h s i n the 9 0 ' s 
are p r e s i s t e n t o v e r t h e S t a t e . 
The h i g h e s t t e m p e r a t u r e r e c o r d e d i n T e x a s was 
120°F. at Seymour on August 12 , 1 9 3 6 . The l o w e s t 
t e m p e r a t u r e e v e r r e c o r d e d was - 2 3 ° F . a t S e m i n o l e 
on February 8, 1933 , and at T u l i a on February 1 2 , 
1899 . 
H e a t i n g e n g i n e e r s and f u e l d i s t r i b u t o r s u s e a n 
index based o n the a s s u m p t i o n t h a t b u i l d i n g s r e -
q u i r e h e a t i n g when the a v e r a g e t e m p e r a t u r e f o r a 
day f a l l s below 65°F. The g r e a t e r the accumulat ion 
o f h e a t i n g d e g r e e days ( d i f f e r e n c e between temper-
a t u r e for day below 65° and 65° ) the more h e a t i s 
r e q u i r e d to produce a c o m f o r t a b l e indoor t empera-
t u r e , and more fue l w i l l be consumed. In the n o r t h -
ern Panhandle an average s e a s o n w i l l r e q u i r e about 
4 , 4 0 0 h e a t i n g degree days , y e t i n the southernmost 
t i p o f the S t a t e a n a v e r a g e s e a s o n w i l l r e q u i r e 
about 600 h e a t i n g d e g r e e days . H e a t i n g d e g r e e day 
r e q u i r e m e n t s i n c r e a s e w i t h i n c r e a s i n g l a t i t u d e 
and e l e v a t i o n . 
Humidity v a l u e s based on the four d a i l y 6 - h o u r l y 
o b s e r v a t i o n s vary c o n s i d e r a b l y between w i n t e r and 
summer. On the whole there is a range of a p p r o x i -
mate ly 10 p e r c e n t between the h igh summer and low 
w i n t e r a v e r a g e s . As temperatures i n c r e a s e r e l a t i v e 
h u m i d i t i e s g e n e r a l l y d e c r e a s e , and when t e m p e r a -
t u r e s f a l l t h e r e l a t i v e h u m i d i t y t e n d s t o r i s e . 
The lowes t r e l a t i v e h u m i d i t i e s are g e n e r a l l y found 
i n the dayt ime , e s p e c i a l l y i n the a f t e r n o o n , w h i l e 
the h i g h e s t va lues u s u a l l y occur in the e a r l y morn-
i n g . The e a r l y morning a v e r a g e s are about 90 p e r -
c e n t a l o n g t h e c o a s t and about 75 p e r c e n t in the 
i n t e r i o r . Early evening averages are about 70 p e r -
c e n t a long the c o a s t and under 50 p e r c e n t i n l a n d . 
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The need for a i r c o n d i t i o n i n g has to be d e t e r m i n e d 
in t e rms o f h u m i d i t y a s w e l l a s t e m p e r a t u r e . Th i s 
makes t h e p r o b l e m c o n s i d e r a b l y more c o m p l i c a t e d 
t h a n t h e h e a t i n g d e g r e e day i n d e x . D u r i n g t h e 
summer t h e t e m p e r a t u r e and h u m i d i t y c o n d i t i o n s 
a r e such a s to make t h e u s e o f e v a p o r a t i v e c o o l i n g 
p r a c t i c a l , e x c e p t a l o n g a band e x t e n d i n g from s o u t h 
o f La redo n o r t h e a s t w a r d t h r o u g h M a r s h a l l i n n o r t h -
e a s t T e x a s . A l though i n most o f t h e S t a t e t h e u s e 
o f d i r e c t e v a p o r a t i v e c o o l i n g i s e f f e c t i v e i n v a r y -
i n g d e g r e e s , t h e r e a r e s e c t i o n s w h e r e t h e low 
h u m i d i t y would p e r m i t t h e u s e o f t h e s e s y s t e m s , 
b u t t h e maximum t e m p e r a t u r e s d o n o t j u s t i f y t h e i r 
u s e . The most s a t i s f a c t o r y r e s u l t s from e v a p o r a -
t i v e c o o l i n g a r e o b t a i n e d when t h e o u t s i d e d ry 
b u l b t e m p e r a t u r e d u r i n g t h e d a y t i m e i s 9 0 ° F . o r 
more and t h e o u t s i d e wet b u l b t e m p e r a t u r e i s below 
7 5 ° F . 
Texas growing s e a s o n s ( f r e e z e - f r e e p e r i o d ) r a n g e 
from a long s u b t r o p i c a l l e n g t h of 320 d a y s in t h e 
lower Rio Grande V a l l e y to a mode ra t e 180-day p e r i o d 
o n t h e n o r t h e r n High P l a i n s . Normal p r e c i p i t a t i o n 
r a n g e s from above 5 0 i n c h e s i n s o u t h e a s t Texas t o 
l e s s t h a n 1 0 i n c h e s o n t h e e x t r e m e w e s t s i d e o f 
t h e S t a t e . The many c o m b i n a t i o n s o f t h e s e two 
c l i m a t i c v a r i a b l e s p r o d u c e a w i d e r a n g e o f s e a s o n 
and c r o p a d a p t a t i o n s . A n e x a m p l e o f t h i s w i d e 
r a n g e i s r e f l e c t e d i n t h e f a c t t h a t c o t t o n and 
s o r g h u m s a r e m a t u r i n g and b e i n g h a r v e s t e d i n t h e 
Lower V a l l e y when p l a n t i n g i s s t i l l underway above 
t h e C a p r o c k . H a r v e s t i n g o f t h e s e c r o p s w i l l b e 
c o m p l e t e d in t h e Lower V a l l e y by A u g u s t 1 , b u t on 
t h e High P l a i n s may n o t b e c o m p l e t e d u n t i l m i d -
D e c e m b e r . 
The S t a t e i s w e l l a d a p t e d f o r p r o d u c i n g c o t t o n , 
i t s mos t i m p o r t a n t c r o p i n t e r m s o f c a s h i n c o m e . 
C o t t o n i s a n i m p o r t a n t c r o p i n a l l p a r t s o f t h e 
S t a t e , e x c e p t t h e 2 0 n o r t h e r n m o s t P a n h a n d l e c o u n -
t i e s w h i c h a r e a b o u t t h e n o r t h e r n l i m i t o f t h e 
2 0 0 - d a y g r o w i n g s e a s o n . C o t t o n r e q u i r e s h o t days 
and warm n i g h t s t o g r o w . M o i s t u r e i s a m a j o r 
l i m i t i n g f a c t o r o n y i e l d s . B e c a u s e g r o w i n g s e a s o n 
r a i n f a l l i s e x t r e m e l y v a r i a b l e , t h e r e h a s been a 
s h i f t o f t h e c o t t o n economy from t h e t r a d i t i o n a l 
g rowing a r e a s o f c e n t r a l and e a s t Texas to i r r i g a t e d 
a r e a s i n wes t Texas and t h e Lower V a l l e y . C o t t o n 
grown on i r r i g a t e d l and y i e l d s 1 1/2 to 2 1/2 b a l e s 
p e r a c r e , w h e r e a s a y i e l d o f 1/2 b a l e on d r y l and 
i s g o o d . 
S o r g h u m s a r e t h e m o s t i m p o r t a n t c r o p g rown i n 
t h e S t a t e i n t e r m s o f a c r e s p l a n t e d , and s e c o n d 
o n l y t o c o t t o n and c o t t o n s e e d i n v a l u e . Sorghums 
a r e t o l e r a n t o f dry p e r i o d s , a c h a r a c t e r i s t i c com-
mon to Texas summers , and w i l l p r o d u c e f o r a g e and 
g r a i n even t h o u g h t e m p e r a t u r e s s o a r t o t h e 100°+ 
l e v e l and m o i s t u r e b e c o m e s v e r y s h o r t . B e c a u s e 
sorghums can t o l e r a t e e r r a t i c m o i s t u r e s u p p l y , they 
a r e r e p l a c i n g corn a s a feed g r a i n c r o p . I n w e t t e r 
c r o p y e a r s , sorghums r e spond r e m a r k a b l y w e l l t o t h e 
f a v o r a b l e growing c o n d i t i o n s . I n 1957 t h r e e - f i f t h s 
of t h e S t a t e ' s sorghum p r o d u c t i o n was grown on t h e 
High P l a i n s . O f t h i s amount a p p r o x i m a t e l y t w o -
t h i r d s was grown o n i r r i g a t e d l a n d . 
Whea t i s w e l l a d a p t e d t o a l a r g e p a r t o f t h e 
S t a t e , p a r t i c u l a r l y i n t h e c o o l e r a r e a s i n t h e 
n o r t h and n o r t h w e s t . Corn i s f a i r l y w e l l a d a p t e d 
ove r t h e e a s t e r n p a r t o f t h e S t a t e . Lack o f r a i n -
f a l l i n t h e w e s t e r n h a l f o f t h e S t a t e r e s t r i c t s 
c o r n p r o d u c t i o n . B e c a u s e o f t h e e r r a t i c summer 
r a i n s d u r i n g c r i t i c a l p e r i o d s o f g r o w t h , l o s s o f 
y i e l d s r e s u l t s . For t h i s r e a s o n c o r n a c r e a g e has 
d e c l i n e d s t e a d i l y f o r a number o f y e a r s . 
C l i m a t e p l a y s a n i m p o r t a n t p a r t i n making Texas 
one o f t h e N a t i o n ' s r e l i a b l e s o u r c e s o f v e g e t a b l e s 
and c i t r u s f r u i t t h r o u g h o u t a l a r g e p a r t o f t h e 
y e a r . From l a t e O c t o b e r u n t i l m i d - A p r i l g r a p e f r u i t 
and o r a n g e s a r e s h i p p e d from t h e lower Rio Grande 
V a l l e y t o a l l p a r t s o f t h e c o u n t r y . 
T h a t a r e a i s a s o u r c e o f many w i n t e r v e g e t a b l e 
c r o p s . A s t h e s p r i n g s e a s o n a d v a n c e s , o n i o n s a r e 
s h i p p e d f rom t h e L o w e r . V a l l e y i n e a r l y M a r c h . 
La redo and t h e C o a s t a l Bend a r e a s p r o d u c e i n A p r i l 
and e a r l y May. B y l a t e May, o n i o n s a r e b e i n g 
h a r v e s t e d i n n o r t h T e x a s . The h a r v e s t t h e n s h i f t s 
o v e r t o t h e P a n h a n d l e w h e r e a summer s u p p l y i s 
a v a i l a b l e . 
S i m i l a r l y , a c o n t i n u o u s s u p p l y o f p o t a t o e s i s 
a v a i l a b l e f rom T e x a s b e c a u s e o f v a r y i n g l e n g t h s 
o f g rowing s e a s o n s . C rops s t a r t from s o u t h Texas 
i n e a r l y May, s h i f t n o r t h w a r d i n t o t h e Low R o l l i n g 
P l a i n s dur ing June , t o t he High P l a i n s a r e a i n mid -
summer, t h e n n o r t h w a r d f o r l a t e summer and e a r l y 
f a l l h a r v e s t . 
S h i p p i n g o f t o m a t o e s s t a r t s i n t h e l o w e r R i o 
Grande V a l l e y a round m i d - A p r i l and moves n o r t h w a r d 
w i t h t h e s e a s o n . N o r t h e a s t T e x a s h a r v e s t o c c u r s 
d u r i n g June and e a r l y J u l y . I n t h e f a l l t h i s p r o -
c e s s o p e r a t e s i n r e v e r s e , w i t h a t oma to h a r v e s t a t 
L a r e d o s t a r t i n g i n l a t e O c t o b e r and November, t h e n 
s h i f t i n g s o u t h w a r d i n t o t h e V a l l e y d u r i n g l a t e 
November and D e c e m b e r . 
In a d d i t i o n to be ing a d a p t e d to a l a r g e number of 
c r o p s , Texas c l i m a t e i s conduc ive t o r a i s i n g c a t t l e , 
s h e e p , and g o a t s . T e x a s i s t h e l e a d i n g s t a t e i n 
number o f a n i m a l s p r o d u c e d f o r m a r k e t . R e l a t i v e l y 
m i l d w i n t e r s o v e r a l a r g e p a r t o f t h e S t a t e make 
r a i s i n g l i v e s t o c k p o s s i b l e w i t h a minimum of w i n t e r 
s h e l t e r . C a t t l e r a i s i n g h a s b e e n e x p a n d i n g i n 
c e n t r a l and e a s t T e x a s , r e p l a c i n g t h e c o t t o n 
economy of t h o s e a r e a s . A c o m b i n a t i o n of c l i m a t e , 
t o p o g r a p h y , g r a s s , and b r o w s e makes t h e Edwards 
P l a t e a u i n c e n t r a l Texas i m p o r t a n t a s a s h e e p and 
goa t r a i s i n g a r e a . 
A v e r a g e h o u r l y wind s p e e d s a r e g r e a t e s t i n t h e 
s p r i n g m o n t h s , and a r e h i g h e s t o n t h e High P l a i n s 
t h r o u g h o u t t h e y e a r . The d i f f e r e n c e b e t w e e n t h e 
a v e r a g e h o u r l y w i n d s p e e d i n t h e i n t e r i o r and 
a l o n g t h e c o a s t i s a b o u t 3 m i l e s p e r h o u r . 
S q u a l l l i n e s f o r m i n g i n t h e s p r i n g and f a l l 
f r e q u e n t l y h a v e h i g h w i n d s a s s o c i a t e d w i t h t h e i r 
t u r b u l e n t s t r u c t u r e . On May 2, 1956, a peak g u s t 
of 106 mi les per hour was r e c o r d e d a t t h e G a l v e s t o n 
W e a t h e r Bureau O f f i c e . T h i s g u s t was a s s o c i a t e d 
w i t h t h e p a s s a g e o f a s q u a l l l i n e . 
The o c c a s i o n a l t r o p i c a l s t o r m s w h i c h e n t e r t h e 
Texas c o a s t s o m e t i m e s have w i n d s o f such f o r c e a s 
t o c a u s e d a m a g e . S p e e d s o f o v e r 100 m i l e s p e r 
h o u r h a v e been r e c o r d e d . 
P r i o r to World War I I Texas was p r i m a r i l y a p r o -
duce r o f raw m a t e r i a l s , which were l a r g e l y p r o c e s s -
e d i n t o f i n i s h e d p r o d u c t s e l s e w h e r e . I t c o n t i n u e s 
to be a major c o n t r i b u t o r to t h e n a t i o n a l economy 
i n t h i s r e s p e c t , w i t h a t o t a l v a l u e o f more t h a n 
$ 6 b i l l i o n i n raw m a t e r i a l s p r o d u c e d a n n u a l l y 
( 1 9 5 7 ) . More t h a n 6 4 p e r c e n t o f t h i s amount i s 
f r o m o i l a n d n a t u r a l g a s , 6 p e r c e n t i s o t h e r 
m i n e r a l s , 2 8 p e r c e n t a g r i c u l t u r a l p r o d u c t s , and 
2 p e r c e n t f o r e s t and f i s h e r i e s p r o d u c t s . 
S i n c e World War I I r a p i d i n d u s t r i a l g r o w t h has 
o c c u r r e d ; h o w e v e r , t h e m a j o r i n d u s t r i a l d e v e l o p -
m e n t s h a v e b e e n p e t r o l e u m r e f i n i n g a n d i n t h e 
p e t r o c h e m i c a l i n d u s t r y , wh ich m a n u f a c t u r e s a w ide 
v a r i e t y o f p r o d u c t s from p e t r o l e u m , n a t u r a l g a s , 
and s u l p h u r . O t h e r i m p r o t a n t i n d u s t r i e s such a s 
a i r c r a f t m a n u f a c t u r i n g , s h i p b u i l d i n g , and food 
p r o c e s s i n g h a v e been e s t a b l i s h e d , p a r t l y b e c a u s e 
o f t h e f a v o r a b l e c l i m a t e . 
Texas i s t h e second r a n k i n g s t a t e i n t o t a l v a l u e 
o f a g r i c u l t u r a l p r o d u c t s . The 1958 c r o p s w e r e 
v a l u e d a t $ 1 1/2 b i l l i o n . Texas l e a d s t h e N a t i o n 
i n c o t t o n and g r a i n s o r g h u m p r o d u c t i o n , a s w e l l 
a s i n t h e number o f c a t t l e , s h e e p , and g o a t s , and 
i s one o f t h e p r i n c i p a l p r o d u c e r s o f r i c e , c i t r u s 
f r u i t s , and v e g e t a b l e s . 
- 1 3 -
The r a p i d e x p a n s i o n o f i r r i g a t i o n h a s g r e a t l y 
i n c r e a s e d t h e S t a t e ' s a g r i c u l t u r a l i n c o m e . The 
i r r i g a t e d a r e a i n c r e a s e d f rom a b o u t 1 m i l l i o n 
a c r e s i n 1940 t o a b o u t 7 m i l l i o n a c r e s i n 1956 . 
N a v i g a t i o n o n t h e c o a s t a l w a t e r s o f T e x a s has 
p l a y e d an i m p o r t a n t p a r t in the economic e x p a n s i o n 
and d e v e l o p m e n t o f t h e S t a t e . Improved c h a n n e l s 
s e r v e as a c o n n e c t i n g l i n k be tween the A n d u s t r i a 1 
and a g r i c u l t u r a l a r e a s and d o m e s t i c and f o r e i g n 
m a r k e t s . F ive deep d r a u g h t wa te rways a f f o r d a c c e s s 
fo r o c e a n - g o i n g v e s s e l s t o and from t h e major i n ­
d u s t r i a l c o m p l e x e s o f t h e c o a s t a l a r e a . 
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MEAN ANNUAL PRECIPITATION IN MILLIONS OF GALLONS OF WATER PER CAPITA 
By State Climatic Divisions 
MEAN ANNUAL TOTAL 
PRECIPITATION 
(Centimeters) 
1931 - 1960 
18 A - I 
Coefficient of variation (%) of annual precipitation, 1931-1960, at 220 first-order stations. 
Station locations indicated by dots. (After HERSHFIELD, 1962.) 
Percent of years in which precipitation was between 75 % and 125 % of 50-year mean. Distribu-
tions of annual precipitation at each of 206 stations were fitted by gamma distributions, from which 
interval was obtained. (After EAGLEMAN, 1968.) 
19 
A - I 
Degree of seasonal concentration of precipitation, 1951-60 
20 
Normal monthly total precipitation, inches 
(Based on period 1931-60) 
21 
Mean monthly total precipitation, inches 
(Based on period 1931-55) 
22 J - I 
23 
J - I 
24 J - I 
25 
J - I 
J - I 
26 
MEAN TOTAL PRECIPITATION (Inches), APRIL By State Climatic Divisions 
MEAN TOTAL PRECIPITATION (Inches), MAY By State Climatic Divisions 
MEAN TOTAL PRECIPITATION (Inches), JUNE By State Climatic Divisions 
MEAN TOTAL PRECIPITATION (Inches), JULY By State Climatic Divisions 
MEAN TOTAL PRECIPITATION (Inches), AUGUST By State Climatic Divisions 
MEAN TOTAL PRECIPITATION (Inches), SEPTEMBER 




Mean annual number of days with precipitation ≥0.25 mm, 1931-60 
Standard deviation of annual number of days with precipitation of 0.25 mm or more, 1931-60 
38 K - I 
K - I 3 9  
K - I 
40 

42 C - I 
5-MINUTE 
MAXIMUM RECORDED PRECIPITATION (INCHES) 
AT FIRST-ORDER STATIONS 
NO DATA LATER THAN 1961 
43 
C - I 
60-MINUTE 
MAXIMUM RECORDED PRECIPITATION (INCHES) 
AT FIRST-ORDER STATIONS 
NO DATA LATER THAN 1961 
44 
C - I 
24-HOUR 
MAXIMUM RECORDED PRECIPITATION (INCHES) 
AT FIRST-ORDER STATIONS 
NO DATA LAIER T H A N 1961 
4 5 
C - I 
Percentages of excessive rain occurrences per quarter day, 1904-33. 
46 
K - I 
24-Hour 
1-Year Frequency 
K-L: Rainfall Frequency Atlas of the 
United States, Technical Paper 
No. 40, U.S. Dept. of Commerce, 
Weather Bureau, May 1961 




K - I 
24-Hour 
5-Year Frequency 
K - I 49 
24-Hour 
10-Year Frequency 
50 K - I 
24-Hour 
25-Year Frequency 
K - I 51 
24-Hour 
50-Year Frequency 
U. S. Department of Commerce Weather Bureau Hydrometeorologlcal Seclion 
Percentage of Precipitation Occurring at Night 
(12 Hours Ending at 8 A. M. ,75th Meridian Time) 
April to September, Inclusive 
Based on the records 
of 175 regular observing 
srations, 1895-1914 
From Kincer [65] 
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B - I 
COLBY KANSAS 
PERCENT CHANCE OF RECEIVING TRACE OR LESS AND AT LEAST X INCHES 
OF PRECIPITATION IN 1-WEEK PERIOD. 
WK. AMOUNT OF PRECIPITATION X IN INCHES 
NO. 0,T. 0.10 0.20 0.40 0.60 0.80 1.00 1.20 1.60 2.00 2. 0 4.00 
(1-7 MAR.) 1 24.1 55.9 41.3 22.5 12.3 06.7 03.7 02.0 00.3 00.0 00.0 00.0 
2 37.1 45.5 33.7 18.9 10.6 06.0 03.4 01.9 00.3 00.0 00.0 00.0 
3 35.2 44.5 33.7 20.5 12.8 08.1 05.2 03.4 01.4 00.5 00.0 00.0 
4 29.7 55.0 42.3 24.7 14.3 08.3 04.8 02.7 00.7 00.3 00.0 00.0 
5 35.2 54.3 41.5 22.1 11.0 05.3 02.5 00.5 00.2 00.0 00.0 00.0 
6 33.4 54.4 45.6 32.6 23.6 17.1 12.5 09.1 04.9 02.7 00.5 00.0 
7 26.0 59.3 49.2 34.6 24.7 17.7 12.8 09.2 04.8 02.6 00.4 00.0 
8 18.6 71.0 62.2 47.9 37.0 28.6 22.1 17.1 10.2 06.1 02.2 00.2 
9 14.9 77.6 69.2 53.9 41.4 31.5 23.9 18.0 10.2 05.7 01.8 00.0 
10 16.7 73.3 63.9 48.1 36.1 26.9 20.1 15.0 08.3 04.6 00.9 00.1 
11 22.3 67.7 58.6 43.7 32.5 24.1 17.8 13.2 07.2 03.9 00.8 00.1 
12 13.0 74.5 63.9 47.2 34.8 25.7 19.0 14.1 07.7 04.2 00.7 00.0 
13 05.6 86.3 76.4 57.8 42.7 31.2 22.6 16.2 08.3 04.2 00.8 00.0 
14 05.6 85.8 77.8 63.8' 52.3 42.8 35.0 28.6 19.1 12.7 05.6 01.1 
15 14.9 79.6 73.2 60.8 49.9 40.7 33.0 26.7 17.3 11.2 04.6 00.6 
16 13.0 79.9 71.9 57.2 44.8 34.8 27.0 20.8 12.3 07.2 02.4 00.2 
17 31.5 52.6 43.3 30.6 22.2 16.2 12.0 08.9 04.9 02.8 00.5 00.0 
18 16.7 73.4 64.8 50.5 39.5 30.8 24.1 18.8 11.5 07.0 02.6 00.4 
19 24.1 65.1 56.5 43.0 32.9 25.2 19.4 14.9 08.8 05.2 01.9 00.3 
20 16.7 69.6 60.3 46.2 36.0 28.2 22.2 17.5 11.0 06.9 02.8 00.6 
21 18.6 72.0 62.8 47.1 35.0 25.9 19.1 14.1 07.6 04.1 00.8 00.0 
22 18.6 65.0 55.6 42.4 33.1 26.1 20.8 16.6 10.8 07.0 03.1 00.8 
23 07.5 86.3 78.4 62.7 49.0 37.8 29.0 22.1 12.6 07.1 02.2 00.2 
24 14.9 74.0 64.3 48.4 36.4 27.4 20.6 15.5 08.7 04.9 01.6 00.2 
25 20.4 67.4 56.9 40.5 28.9 20.5 14.6 10.4 05.2 02.7 00.5 00.0 
26 37.1 52.0 44.6 33.7 25.9 20.0 15.6 12.1 07.4 04.6 01.8 00.4 
27 33.4 58.6 49.9 35.0 24.1 16.4 11.1 07.4 03.3 01.5 00.2 00.0 
28 26.0 61.9 50.7 33.4 21.8 14.1 09.1 05.9 02.4 00.8 00.1 00.0 
29 40.8 49.4 41.7 29.9 21.5 15.5 11.2 08.1 04.3 02.2 00.4 00.0 
30 51.9 33.9 27.0 18.3 12.9 09.2 06.6 04.8 02.6 01.4 00.3 00.0 
31 40.8 46.4 37.3 24.7 16.5 11.1 07.5 05.1 02.3 01.1 00.0 00.0 
32 48.2 39.1 32.5 23.7 17.9 13.6 10.5 08.1 05.0 03.1 01.2 00.2 
33 40.8 44.7 36.4 25.4 18.1 13.1 09.5 07.0 03.8 02.1 00.5 00.0 
34 48.2 35.8 27.4 16.9 10.8 06.9 04.5 03.0 01.3 00.5 00.0 00.0 
35 38.9 43.2 32.6 19.3 11.7 07.1 04.4 02.7 00.8 00.3 00.0 00.0 
36 51.9 35.2 27.9 18.3 12.3 08.4 05.8 04.0 01.9 00.9 00.2 00.0 
37 57.5 27.6 20.2 11.5 06.8 04.1 02.5 01.5 00.4 00.2 00.0 00.0 
38 50.0 34.6 25.7 14.7 08.6 05.1 03.0 01.8 00.5 00.2 00.0 00.0 
39 53.8 27.8 18.3 08.3 03.9 01.8 00.9 00.3 00.0 00.0 00.0 00.0 
40 44.5 40.9 32.4 21.0 14.0 09.4 06.3 04.3 02.0 00.7 00.1 00.0 
41 48.2 31.1 18.5 06.5 02.2 00.4 00.1 00.0 00.0 00.0 00.0 00.0 
42 55.6 22.2 11.4 03.0 00.8 00.2 00.0 00.0 00.0 00.0 00.T 00.0 
43 57.4 30.7 23.1 13.4 07.9 04.7 02.8 01.7 00.6 00.2 00.0 00.0 
44 63.0 21.4 12.3 04.0 01.3 00.4 00.1 00.0 00.0 00.0 00.0 00.0 
45 50.0 26.9 13.3 03.1 00.7 00.2 00.0 00.0 00.0 00.0 00.0 00.0 
46 61.1 18.3 08.6 01.9 00.4 00.1 00.0 00.0 00.0 00.0 00.0 00.0 
47 53.7 19.3 09.3 02.3 00.6 00.2 00.0 00.0 00.0 00.0 00.0 00.0 
48 53.7 28.0 18.7 08.7 04.2 02.1 01.0 00.5 00.1 00.0 00.0 00.0 
49 46.3 27.4 16.0 05.8 02.2 00.9 00.3 00.1 00.0 00.0 00.0 00.0 
50 44.4 37.5 23.6 08.8 03.2 01.1 00.4 00.1 00.0 00.0 00.0 00.0 
51 31.5 33.3 16.2 03.8 00.9 00.2 00.0 00.0 00.0 00.0 00.0 00.0 
52 38.9 41.1 28.9 14.7 07.6 03.9 02.1 01.1 00.3 00.0 00.0 00.0 
D - I 
Weekly Precipitation Probabilities for Miles City, Montana 
P R E C I P I T A T I O N MEANS AND P R O B A B I L I T I E S FOR 1 -WEEK P E R I O D S P R E C I P I T A T I O N MEANS AND P R O B A B I L I T I E S FOR 2 - W E E K P E R I O D S 
PERIOD MEAN PPOB PROBABILITY (PERECENT) OF RECEIVING AT LEAST 
BEGINS PCPN O-T THE FOLLOWING AMOUNTS ( I N ) OF PRECIP ITAT ION 
0 . 0 6 0 . 1 0 0 . 2 0 0 . 4 0 0 . 6 0 0 . 8 0 1 . 0 0 1 . 4 0 2 . 0 0 
PERIOD MEAN PROB PROBABILITY (PERCENT) OF RECEIVING AT LEAST' 
BEGINS PCPN O-T THE FOLLOWING AMOUNTS ( I N ) OF PRECIP ITATION 
0 . 0 6 0 . 1 0 0 . 2 0 0 . 4 0 0 . 6 0 1 . 0 0 1 . 4 0 2 . 0 0 4 . 0 0 
2 4 2 1 1 2 
PRECIPITATION MEANS AND PROBABILIT IES FOR 3-WEEK PERIODS 
PERIOP MEAN PROB PROBABILITY (PERCENT) OF RECETVING AT LEAST 
BEGINS PCPN O-T THE FOLLOWING AMOUNTS ( I N ) OF PRECIP ITAT ION 
0 . 0 6 0 . 1 0 0 . 2 0 0 . 4 0 0 . 6 0 1 . 0 0 1*.40 2 . 0 0 4 . 0 0 
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B - I 
COLBY, KANSAS 
PROBABILITY THAT A GIVEN DAY WILL BE WET OR ORY 
WET DAY- AT LEAST .10 INCHES 
INITIAL TRANSITION 
PERIOD OF DRY WET DRY/DRY WET/DRY ORY/WET WET/WFT 
MAR 1-MAR 7 .914 .086 .920 .080 .848 .152 
MAR 3-.VAR 14 .918 .082 .923 .077 .366 .134 
MAR 15-MAR 21 .918      .082  .924 .076 .852 .148 
MAR 32-MAR 28 .908 .092 .919 .081 .794 .206 
MAR 29-APR 4 .886 .114 .906 .094 .725 .275 
APR 5-APr 11 .860 .140 .889 .111 .674 .326 
APR 12-APR 18 .837 .163 .873 .127 .649 .351 
APR 19-APR 25 .824 .176 .861 .139 .648 .352 
APR 26-MAY 2 .822 .173 .855 .145 .663 .332 
MAY 3-MAY 9 .824 .176 .850 .150 .700 .300 
MAY 10-MAY 16 .823 .177 .843 .157 .728 .272 
MAY 17-MAY 23 .814 .186 .831 .169 .739 .261 
MAY 24-MAY 50 .801 .199 .818 .182 .732 .263 
MAY 31-JUN 6 .790 .210 .809 .191 .719 .281 
JUN 7-JUN 13 .790 .210 .810 .190 .716 .284 
JUN 14-JUN 20 .804 .196 .823 .177 .728 .272 
JUN21-JUN 27 .826 .174 .842 .158 .754 .246 
JUN 28-JUL 4 .848 .152 .860 .140 .785 .215 
JUL 5-JUL 11 .859 .141 .868 .132 .308 .192 
JUL 12-JUL 18 .856 .144 .864 .136 .312 .133 
AUG 30-SEP 5 .843 .157 .851 .149 .799 .201 
JUL 19-JUL 25 .829 .171 .839 .161 .781 .219 
JUL 26-AUG 1 .824 .176 .835 .165 .773 .227 
AUG 2-AUG 8 .831 .169 .842 .158 .777 .223 
AUG 9-AUG 15 .849 .151 .860 .140 .733 .212 
AUG 16-AUG 22 .869  .131  .881 .119 .794 .206 
AUG 23-AUG 29 .386 .114 .899 .101 .787 .213 
SEP 6-SEP 12 .896 .104 .911 .089 .770 .230 
SEP 13-SEP 19 .901 .099 .917 .093 .756 .244 
SEP 20-SEP 26 .904 .096 .920 .080 .754 .246 
SEP 27-OCT 3 .911 .089 .925 .075 .764 .236 
OCT 4-OCT 10 .919 .081 .932 .068 .778 .222 
OCT 11-OCR 17 .927  .073        .938 .062 .733 .217 
OCT 18-JCT 24 .931 .069 .943 .057 .772 .223 
OCT 25-UCT 31 .930 .070 .943 .057 .750 .250 
NOV l-NOV 7 .927 .073 .943 .057 .732 .263 
NOV 8-NUV 14 .927 .073 .943 .057 .723 .272 
NOV 15-NOV 21 .931 .069 .946 .054 .737 .263 
NOV 22-NOV 28 .940 .06C .952 .048 .755 .245 
NOV 29-DEC 5 .949 .051 .959 .041 .774 .226 
OEC 6-DEC 12 .955 .045 .964 .036 .781 .219 
DEC 13-DEC 19 .957 .043 .965 .035 .777 .223 
DEC 70-DEC 26 .956 .044 .964 .036 .774 .226 
DEC 27-JAN 2 .957 .043 .965 .035 .786 .214 
JAN 3-JAN 9 .962 .033 .968 .032. .822 .173 
JAN 10-JAN 16 .970 .030 .973 .027 .885 .115 
JAN 17-JAN 23 .976 .024 .976 .024 .962 .033 
JAN 24-JAN 30 .974 .026 .974 .026 .974 .026 
JAN 31-FEB 6 .962 .038 .964 .036 .908 .092 
FCB 7-FEB 13 .944 .056 .949 .051 .852 .143 
FEB 14-FEB 20 .925 .075 .933 .067 .826 .174 
FEB 21-FEB 27 .915 .085 .923 .077 .826 .174 
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COLBY, KANSAS 
PROBABILITY THAT A GIVEN DAY WILL BE WET OR DRY 
WET DAY- AJ LEAST .50 INCHES 
INITIAL TRANSITION 
PERIOD OF DRY WET DRY/DRY WET/DRY ORY/WET WET/WET 
MAR l-MAR 7 .981 .019 .982 .018 .939 .061 
MAR 8-MAR 14 .983 .017 .984 .016 .969 .031 
MAR 15-MAR 21 .988 .012 .988 .012 .988 .012 
MAR 22-MAK 28 .988 .012 .988 .012 .949 .051 
MAR 29-APK 4 .980 .020 .982 .018 .877 .123 
APR 5-APR 11 .965 .035 .969 .031 .852 .148 
APR 12-APR 18 .951 .049 .956 .044 .848 .152 
APR 19-APR 25 .946 .054 .951 .049 .855 .145 
APR 26-MAY 2 .949 .051 .953 .047 .870 .130 
MAY 3-MAY 9 .956 .044 .959 .041 .887 .113 
MAY 10-MAY 16 .957 .043 .960 .040 .895 .105 
MAY 17-MAY 23 .948 .052 .951 .049 .888 .112 
MAY 24-MAY 30 .932 .068 .936 .064 .875 .125 
MAY 31-JU.N 6 .919 .081 .924 .076 .866 .134 
JUN 7-JUN 13 .917 .083 .921 .079 .869 .131 
JUN 14-JUN 20 .928 .072 .931 .069 .881 .119 
JUN 21-JUN 27 .944 .056 .947 .053 .893 .107 
JUN 28-JUL 4 .956 .044 .959 .041 .891 .109 
JUL 5-JUL 11 .957 .043 .960 .040 .881 .119 
JUL 12-JUL 18 .949 .051 .953 .047 .882 .118 
JUL 19-JUL 25 .940 .060 .943 .057 .893 .107 
JUL 26-AUG 1 .936 .064 .938 .062 .911 .089 
AUG 2-AUG 8 .940 .060 .940 .060 .935 .065 
AUG 9-AUG 15 .947 .053 .947 .053 .947 .053 
AUG 16-AUG 22 .953 .047 .953 .047 .953 .047 
AUG 23-AUG 29 .956 .044 .956 .044 .956 .044 
AUG 30-SEP 5 .958 .042 .958 .042 .950 .050 
SEP 6-SEP 12 .960 .040 .961 .039 .929 .071 
SEP 13-SEP 19 .966 .034 .968 .032 .901 .099 
SEP 20-SEP 26 .972 .028 .976 .024 .857 .143 
SEP 27-0CT 3 .978 .022 .982 .018 .800 .200 
OCT 4-OCT 10 .980 .020 .984 .016 .775 .225 
OCT ll-OCT 17 .981 .019 .984 .016 .817 .183 
OCT 18-OCT 24 .982 .018 .984 .016 .900 .100 
OCT 25-OCT 31 .986 .014 .98.6 .014 .986 .014 
NOV 1-NOV 7 .990 .01C .990 .010 .990 .010 
NOV 8-NOV 14 .992 .008 .992 .008 .992 .008 
NOV 15-NOV 21 .990 .010 .992 .008 .850 .150 
NOV 22-NOV 28 .986 .014 .989 .011 .781 .219 
NOV 29-DEC 5 .984 .016 .987 .013 .788 .212 
DEC 6-0EC 12 .986 .014 .989 .011 .824 .176 
OEC 13-DEC 19 .993 .007 .994 .006 .889 .111 
OEC 20-0EC 26 .999 .001 .999 .001 .999 .001 
DEC 27-JAN 2 .999 .001 .999 .001 .999 .001 
JAN 3-JAN 9 .999 .001 .999 .001 .953 .047 
JAN 10-JAN 16 .995 .005 .996 .004 .839 .161 
JAN 17-JAN 23 .994 .006 .995 .005 .853 .147 
JAN 24-JAN 30 .996 .004 .997 .003 .868 .132 
JAN 31-FEB 6 .999 .001 .999 .001 .873 .127 
FEB 7-FEB 13 .999 .001 .999 .001 .868 .132 
FEB 14-FEB 20 .993 .007 .994 .006 .903 .097 
FEB 21-FEB 27 .986 .014 .987 .013 .918 .082 
May 0000-0600 
Frequency of measureable precipitation (≥0.01") 
May 0600-1800 
Frequency of measureable precipitation (≥0.01"). 
May 1200-1800 
Frequency of measureable precipitation (≥0.01"). 
May 1800-0600 
Frequency of measureable precipitation (≥0.01") 
Frequency of measurable precipitation (≥0.01") in 0600-1800 period in July 
Frequency of measurable p rec ip i ta t ion (≥0.01") in 1800-0600 period fo r July 
September 0000-0600 
Frequency of measureable precipitation (≥0.01") 
Sept. 0600-1800 
Frequency of measureable p rec ip i ta t ion (20.01") 
Sept. 1200-1800 
Frequency of measureable precipitation (≥0.01") 
Sept. 1800-0600 
Frequency of measureable p rec ip i ta t ion (≥0.01") 
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CLIMATOGRAPHY OF THE UNITED STATES NO. 85 -12 
DECENNIAL CENSUS OF UNITED STATES CLIMATE-
MONTHLY AVERAGES FOR STATE CLIMATIC DIVISIONS 
1931 -1960 
KANSAS 
The Cllmatography of the United States No. 85 series presents, 
by States , tabulations of monthly averages of temperature and pre-
c ip i ta t ion for the period 1931-1960 for each climatic division. These 
data have been calculated for current publication in monthly Cliroa-
to logica l Data for this State for some time, and were supplemented 
to round out a fu l l 30-year period. This permitted the calculation 
of normals for these divis ions. Each value is the simple arithmetic 
average of the data for a l l s tat ions in the divis ion that furnish-
ed both temperature and precipitation records. Divisional precipi-
tat ion averages of l e ss than 0.005 inch are shown as zero. As net-
work density tended to increase during the 30-year period, so a lso 
did the number of s ta t ion data being averaged. The divisional nor-
mals are the simple arithmetic averages of the monthly values dur-
ing the 30-year period. Monthly normals for a l l s ta t ions in the 
State for which data were avai lable for the f u l l period 1931-1960 
can be found in the publication ser ies "Climatography of the United 
States No. 8 1 - , Decennial Census of United States Climate - Monthly 
Normals of Temperature, Prec ip i ta t ion , and Heating Degree Days." 
Issues for each State are for s a l e by the Superintendent of Docu-
ments, Washington 25, D. C, at 5 cents per copy. 
MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
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MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
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MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
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MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
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CLIMATOGRAPHY OF THE UNITED STATES NO. 85 -20 
DECENNIAL CENSUS OF UNITED STATES CLIMATE-
MONTHLY AVERAGES FOR STATE CLIMATIC DIVISIONS 
1931 -1960 
MONTANA 
The Cllmatography of the United States No. 85 series presents, 
by S ta tes , tabulations of monthly averages of temperature and pre-
c i p i t a t i o n for the period 1931-1960 for each climatic division. These 
data have been calculated for current publication In monthly Clima-
to log ica l Data for this State for some time, and were supplemented 
to round out a f u l l 30-year period. This permitted the calculation 
of normals for these divis ions. Each value is the simple arithmetic 
average of the data for a l l s tat ions in the d iv is ion that furnish-
ed both temperature and precipitation records. Divisional precipi-
ta t ion averages of l e s s than 0.005 inch are shown as zero. As net-
work density tended to increase during the 30-year period, so also 
did the number of s ta t ion data being averaged. The divis ional nor-
mals are the simple arithmetic averages of the monthly values dur-
ing the 30-year period. Monthly normals for a l l s ta t ions in the 
State for which data were avai lable for the f u l l period 1931-1960 
can be found in the publication series "Climatography of the United 
States No. 8 1 - , Decennial Census of United States Climate - Monthly 
Normals of Temperature, Prec ip i ta t ion , and Heating Degree Days." 
Issues for each State are for s a l e by the Superintendent of Docu-
ments, Washington 25, D. C., at 5 cents per copy. 
MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
TEMPERATURE (°F) PRECIPITATION (In.) 
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MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
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MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
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CLMATOGRAPHY OF THE UNITED STATES NO. 85 - 36 
DECENNIAL CENSUS OF UNITED STATES CLIMATE-
MONTHLY AVERAGES FOR STATE CLIMATIC DIVISIONS 
1931 -1960 
TEXAS 
The Climatography of the United States No. 85 series presents, 
by S t a t e s , tabulations of monthly averages of temperature and pre-
c i p i t a t i o n for the period 1931-1960 for each climatic divis ion. These 
data have been calculated for current publication in monthly Clima-
to log lca l Data for th i s State for some time, and were supplemented 
to round out a fu l l 30-year period. This permitted the calculation 
of normals for these divis ions. Each value is the simple arithmetic 
average of the data for a l l s tat ions in the d iv i s ion that furnish-
ed both temperature and precipitation records. Divisional precipi-
ta t ion averages of l e s s than 0.005 inch are shown as zero. As net-
work density tended to increase during the 30-year period, so also 
did the number of s ta t ion data being averaged. The divis ional nor-
mals are the simple arithmetic averages of the monthly values dur-
ing the 30-year period. Monthly normals for a l l s t a t i o n s in the 
State for which data were avai lable for the f u l l period 1931-1960 
can be found in the publication series "Climatography of the United 
States No. 8 1 - , Decennial Census of United States Climate - Monthly 
Normals of Temperature, Prec ip i ta t i on , and Heating Degree Days." 
Issues for each State are for s a l e by the Superintendent of Docu-
ments, Washington 25, D. C . , at 5 cents per copy. 
MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
TEMPERATURE (°F) PRECIPITATION (In.) 
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MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
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MONTHLY AND ANNUAL DIVISIONAL AVERAGES 
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A - II 79 
Mean annual number of days with thunderstorms 
Hour (local standard time) of maximum frequency of thunderstorms, June-August 
80 
N-II 





A - III 
Mean annual moisture content of atmosphere up to 325 mb over 50 stations, 
1946-56, in millimeters of condensed water, or decigrams per square centi-
meter of earth's surface. 
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84 K - I I I 
85 
K - I I I 
86 K - I I I 
87 
K - III 
88 
K - I I I 
89 
A - I I I 
Location of axis of low-level j e t in 26 of 28 cases, 1959-60. Star indicates 
median lat i tude and longitude of a l l 28 cases, centers of which are shown by 
dots. Land elevations above sea level shown by solid l ines. 
July average 850 mb height, with standard deviation, and extremes (gpm) 
July average 850 mb temperature, with standard deviation, and extremes (°C) 
July average 700 mb height, with standard deviation, and extremes (gpm) 
July average 700 mb temperature, with standard deviation, and extremes (°C) 
July average 500 mb height, with standard deviation, and extremes (gpm) 
July average 500 mb temperature, with standard deviation, and extremes (°C) 
96 
M - I I I 
M - I I I 97 
98 M - I I I 
99 
M - I I I 
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M - III 
M - I I I 101 
102 
M - I I I 
103 
K - III 
104 K - I I I 
K - I I I  105 
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PART IV 
CONDITIONS RELEVANT TO WARM SEASON 
CLIMATOLOGY AND RAIN 
Average annual evaporation (cm) from lakes, 1946-55, derived from pan evaporation records. 
108 
I - IV 
Average annual potential evapotranspiration, inches 
Moisture Index (water need vs moisture surplus or deficit) 
109 
I - I V 
Average annual water deficiency in the Missouri Valley, in inches 
Average annual water surplus in the Missouri Valley, in inches 
1 1 0 
Comparison of Mean and Yearly Computations of Water Budget 
(Data 1920-1944) 
In Inches 
Average Annual Water Surplus Average Annual Water Deficiency 
Station Means Average of Means Average of 
25 individ- 25 individ-
ual years ual years 
Montana 
Havre 0 .25 9.61 12.43 
Helena 0 .39 9.01 12.31 
Miles City 0 .56 11.70 l4.22 
Wy owing 
Chevenne 0 1.71 7.24 8.07 
Sheridan .63 2.17 8.27 10.57 
Colorado 
F t . Col l ins 0 1.13 8.43 11.74 
Garnet t 0 .03 13.19 13.43 
Grand Junct ion 0 .12                      20.04                  20.49 
Las Animas 0 .15 15.43 18.22 
North Dakota 
Bismarck 0 .16 7.01 10.02 
D e v i l ' s Lake 0 .83 4.14  5.97 
Wi l l i s t on 0 .28 8.00 9.69 
South Dakota 
Huron                                     .04                    1.39                    4 .10                  10.27 
P i e r r e 0 .67 9 .61 12.77 
Rapid Ci ty 0 1.70 5.79 10.12 
Nebraska 
Lincoln                              1.34                 2.51 1.93 8 .31 
North P l a t t e 0 .72 7.68 11.93 
Valent ine .16 1.41 5.47 9.97 
Kansas 
Dodge Ci ty 0 1.15 9.13 12.23 
Hayes 0 1.39   6.16 10.93 
Manhattan 2.28 5 .01 1.61 6.58 
Minnesota 
S t . Paul 3.19 5.25 .79 5.03 
Worthington 3.15                    4.45                                    0 4.24 
Iowa 
Ames                     4.37            7.17 .47 3.92 
Charles City 6.61 8.96 0 3.27 
Clarinda    4.49          6.44  .04            4.29 
Missouri 
Columbia 9.49 12.35                .94            5.10 
Kansas City 7.28 8.71 .59 6.30 
Springfield 11.81 13.79 0 1.82 
111 
J - IV 
Mean date of first 32°F temperature in autumn 
112 
J - IV 
113 
J - IV 
114 
J - IV 
Average percentage frequencies of wind directions in July, 1951-60. Areas of sectors 
are proportional to hourly frequencies. 
116 J - IV 
J - IV 117 
118 J - IV 
119 
SOURCE MATERIAL 
A. Court, A., 1973: The Climate of the Conterminous United States. Chapter 
3, Climates of North America, Elsevier Scientific Publishing Company, 
Amsterdam, pp. 193-266. 
B. Kansas State University, 1967: Probabilities of Sequences of Dry Days in 
Kansas. Kansas Tech., Bulletin 139a, Manhattan, Kansas, 38 p. 
C. U. S. Dept. of Commerce, 1963: Maximum Recorded U. S. Point Rainfall, 5 
Minutes to 24 Hours at 296 First-Order Stations, Technical Paper 2, 
Washington, D. C. , 56 p. 
D. Gifford, R. 0., Ashcroft, G. L., and M. D. Magnuson, 1967: Probability of 
Selected Precipitation Amounts in the Western Region of the U. S. 
Agr. Exp.- Station, Univ. of Nevada, Reno, 280' p. 
E. U. S. Dept. of Commerce, 1966: Climatic Frequency of Precipitation at 
Central Region Stations. Central Region Tech. Memo. 8, Kansas City, 
Mo., 51 pp. 
F. Iowa State Univ., 1959: Chances of Receiving Selected Amounts of Precipitation 
in the North Central Region of the U. S., Ames, Iowa, 277 p. 
G. U. S. Dept. of Commerce, 1963: Monthly Averages for State Climatic Divisions, 
1931-1960. Climatography of the U. S. No. 85, Washington, D. C, 156 p. 
H. U. S. Dept. of Commerce, 1958: Upper-Air Climatology of the U. S. Tech. 
Paper No. 32, Washington, D. C., 140 p. 
I. Thornthwaite, C. W. and J. R. Mather, 19 55: The Water Balance. Drexel 
Institute of Technology, Centerton, N. J., 104 p. 
J. U. S. Dept. of Commerce, 1965: Climatic Maps of the United States. ESSA, 
EDS, Washington, D. C. 
K. U. S. Dept. of Commerce, 1961: Rainfall Frequency Atlas of the United States. 
Tech. Paper 40, Weather Bureau, Washington, D. C, 115 pp. 
L. U. S. Dept. of Commerce, 1947: Thunderstorm Rainfall. Hydrometeorological 
Report 5, Weather Bureau, Vicksburg, Miss. 
M. Morgan, G. M. , Brunkow, D. G., and Beebe, R. C, 1975'; Climatology of 
Surface Fronts. Circular 122 Illinois State Water Survey, 
Urbana, I11., 46 pp. 
N. Changnon, S. A., 1975: Scales of Hail, Preprints NHRE Symposium on Hail  
Suppression, NCAR, Boulder, 48 pp. 
